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1.0 INTRODUCTION 
The NASA Marshall  Spaze F l i g h t  Center  (MSFC) Doppler 
Lidar  System (DLS) w i l l  undergo 66 hours o f  f l i g h t  t e s t s  
dur ing  t h e  summer o f  1981 aboard t h e  NASA Ames Research 
Center  (ARC) CV-990 a i r c r a f t .  This  document provides  t h e  
f l i g h t  experiment and o p e r a t i o n s  p l a n s  f o r  t h e  DLS. 
The suppor t  f o r  t h e  development and t e s t i n g  o f  t h e  
DZS has been provided by t h e  NASA O f f i c e  o f  Space and 
T e r r e s t r i a l  ~ ~ ~ l i c a t i o n s  (OSTA) Severe Storms and Local 
Weather Research Program. Figure 1-1 shows t h e  management 
s t r u c t u r e  f o r  t h e  DLS p r o j e c t .  
1.1 BACKGROUND 
The MSFC DLS i s  t h e  outgrowth of r e sea rch  and develop- 
ment e f f o r t s  a t  t h e  MSFC i n  t h e  a r e a  o f  remote s e n s i n g  via 
t h e  use  of  l a s e r  Doppler ve locimetry  techniques  over  t h e  
p a s t  15 yea r s .  These e f f o r t s  have r e s u l t e d  i n  remote 
s e n s i n g  systems t h a t  have been used t o  d e t e c t  c l e a r  a i r  
tu rbu lence ,  a i r c r a f t  t r a i l i n g  v o r t i c e s ,  and o t h e r  hazards  
t o  a i r c r a f t  o p e r a t i n g  systems. Major suppor t  f o r  t h e s e  
MSFC p r o j e c t s  has been provided by t h e  NASA O f f i c e  of Aero- 
n a u t i c s  and Space Technology (OAST), t h e  Federal  Avia t ion  
Adminis t ra t ion  (FAA),  t h e  Department of  Defense (DOD) and 
t h e  National  Oceanic and Atmospheric Adminis t ra t ion  (NOAA) 
During t h e  l a t e  1970's t h e  OSTA recognized t h a t  remote 
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PROJECT MANAGEMENT 
sensors  involving l a s e r s  could provide da t a  t o  s a t i s f y  
OSTA wind measurement needs i n  t h e  a rea  of severe  
storms and l o c a l  weather phenomena v i a  ground based and 
a i rborne  Doppler l i d a r  systems and i n  t h e  a rea  of g loba l  
weather v i a  Doppler l i d a r  systems flown aboard e a r t h  
o r b i t i n g  s a t e l l i t e s .  A s  a  r e s u l t  of t h i s  recogni t ion 
the  OSTA supported t h e  design and f ab r i ca t i on  o f  t h e  
MSFC DLS f o r  app l ica t ion  t o  t h e  study of severe  storms 
and l c c a l  weather phenomena. I t  was recognized t h a t  
des ign,  f a b r i c a t i o n ,  and app l i ca t i on  of t h i s  system 
would r e s u l t  i n  valuable  experience which could a s s i s t  
i n  t h e  development of a  system f o r  t h e  measurement of 
g lobal  s c a l e  winds from space. 
The f l i g h t  t e s t s  of  t h e  MSFC DLS during t h e  summer 
of 1981 a r e  t he  f i r s t  of a  s e r i e s  of t e s t s  planned t o  
t ake  p lace  over t he  next  f i v e  years .  Current f l i g h t  
t e s t  p lans  involve 66 hours of f l i g h t  t i n e  extending 
over approximately a two month per iod during each 
year.  I t  i s  planned t h a t  t he  MSFC DLS w i l l  a l s i  be 
used between f l i g h t  t e s t s  t o  acquire  ground based 
severe storms and loca l  weather da ta .  
1 . 2  TEST OBJECTIVES 
The ob j ec t i ve s  of  t h e  1981 f l i g h t  t e s t s  o f  t h e  
MSFC DLS a r e  a s  fol lows:  
0 Confirm t h e  des ign  of  t h e  DLS 
0 Assess t h e  c a p a b i l i t y  o f  t h e  DLS t o  measure d e t a i l e d  
wind f i e l d s  a s soc i a t ed  wi th  severe  s torms and l o c a l  
weather phenomena 
0 Acquire d e t a i l e d  measurements of h o r i z o n t a l  wind 
f i e l d s  f o r  a v a r i e t y  o f  atmospheric cond i t i ons  t o  
demonstrate t h e  a p p l i c a b i l i t y  o f  t h e  DLS t o  t h e  
s tudy o f  atmospheric phenomena of i n t e r e s t  t o  t h e  
OSTA Severe Storms 'and Lacal Weather Research Program 
The t e s t  ob j ec t i ve s  w i l l  be  accomplished v i a  a s e r i e s  of  
experiments which w i l l  involve t h e  f l i g h t  o f  t h e  DLS aboard 
t h e  ARC CV-990 dur ing  s e l e c t e d  atmospheric cond i t ions .  
''Ground t r u t h "  wind measurements a r e  t o  be obta ined 
from anemometers l oca t ed  on towers, Doppler. r ada r s ,  and 
gus t  probes on a i r c r a f t .  M e t e o r o l o ~ i c a l  measurements a r e  t o  be 
obta ined from rawinsondes , meso-network observing systems,  
r a d a r s ,  and a i r c r a f t .  These experiments w i l l  be conducted a t  
t h e  fo l lowing l o c a t i o n s / a r e a s .  
0 C a l i f o r n i a  
o Walnut Grove 473  m Te lev i s ion  Tower 
o Cen t ra l  Valley 
o San Gorgonio Pass/Coachella Valley - Cal i fo rn i a  
Edison/California Wind Energy Resource Board 
Wind Energy F a c i l i t y  
o Oklahoma - NOAA National Severe Storms Laboratory 
(NSSL) , Norman, Oklahoma 
o Montana - NCAR/Department of I n t e r i o r  Cooper'ative 
P rec ip i t a t i on  Experiment (CCOPE) 
o Colorado - NOAA Boulder Atmospheric Observation 
Tower F a c i l i t y ,  Boulder, Colorado 
The experiments have been designed t o  s a t i s f y  a l l  of  
t he  t e s t  ob jec t ives  s t a t e d  above. Furthermore, we a n t i c i p a t e  
t h a t  we have planned more experiments than can be accommodated 
with t h e  ava i l ab l e  66 hours of CV-990 f l i g h t  time. This w i l l  
permit f l e x i b i l i t y  i n  scheduling t h e  use of t h e  a i r c r a f t  s o  
a s  t o  be ab le  t o  respond t o  changes i n  meteorological  con- 
d i t i o n s .  We plan t o  o p e r a t e t h e  DLS whenever t h e  CV-990 i s  
a i rborne.  This w i l l  permit a cqu i s i t i on  of d a t a  dur ing f e r r y  
f l i g h t s  t o  t h e  var ious  t e s t  l oca t i ons .  The meteorological  
planning f o r  t he se  f e r r y  f l i g h t s  ( r e l a t i v e  t o .  appropr ia te  
f l i g h t  paths and a l t i t u d e s )  w i l l  be determined one 
t o  two days p r i o r  t o  t ake -o f f .  Scheduling of t e s t  opt ions  
a t  t h e  above l i s t e d  loca t ions  w i l l  be discussed l a t e r .  
1.3 SCHEDULE 
A schedule f o r  t h e  DLS f l i g h t  t e s t s  i s  provided i n  




















































































































































































































































































































































































































































w i t h  sending  t h e  DLS t o  ARC on May 8 t h  and p rov id ing  t h e  
p o s t f l i g h t  s c i e n c e  r e p o r t  t o  t h e  OSTA Severe Storms and 
Local Weather Research Program Manager. 
The DLS w i l l  b e  sh ipped t o  t h e  ARC from Raytheon 
Corpora t ion  (DLS development c o n t r a c t  o r )  , Sudbury , 
Massachuset ts  on May 1st. Upon d e l i v e r y  t o  t h e  ARC i t  
w i l l  be  unpacked and i n s t a l l e d  i n  equipment r a c k s .  The 
r acks  w i l l  t h e n  b e ' i n s t a l l e d  i n  t h e  CV-990. The complet ion 
o f  t h i s  i n s t a l l a t i o n  a c t i v i t y  w i l l  be on June  8 t h .  
The ground based eng inee r ing  check-out  and a i r c r a f t  
p r e f l i g h t  t e s t s  f o r  t h e  DLS w i l l  t a k e  p l a c e  on June 9 and 
10.  The eng inee r ing  check-out  f l i g h t  o f  t h e  DLS w i l l  occur  
on Jufie l l t h .  (The DLS w i l l  no t  be  tu rned  on.)  The purpose 
of t h e s e  t e s t s  i s  t o  a s s u r e  t h a t  t h e  DLS has  been p r o p e r l y  
i n s t a l l e d  r e l a t i v e  t o  mechanical i n t q r f a c e s ' h e t w e e n  t h e  DLS 
and t h e  CV-990 ( v i b r a t i o n ,  weight d i s t r i b u t i o n ,  e t c . ) .  A 
s a f e t y  b r i e f i n g  w i l l  be provided  on June  l l t h  p r i o r  t o  t h e  
engi:ieering check-out  f l i g h t .  A l l  DLS team membt. rs a r e  
r e q u i r e d  t o  a t t e n d  a  f l i g h t  s a f e t y  b r i e f i n g .  Those members 
not  a b l e  t o  a t t e n d  t h e  June  11 f l i g h t  s a f e t y  b r i e f i n g  w i l l  
be  provided t h e  f l i g h t  s a f e t y  b r i e f i n g  p r i o r  t o  t h e  f l i g h t  
t e s t s  t hey  w i l l  be  support ing.  The i n i t i a l  f l i g h t  f o r  system 
v e r i f i ~ a t i o n  w i l l  occur  on June 1 2 .  Upon s u c c e s s f u l  com- 
p l e t i o n  o f  t h i s  f l i g h t ,  t h e  CV-990/DLS w i l l  b e  ready t o  
conduct t h e  f l i g h t  t e s t  s e r i e s .  
A s i x  week window has  been s e t  a s i d e  t o  conduct t x e  
DLS f l i g h t  t e s t s .  This  window has  been p a r t i t i o n e d  i n t o  
two week windows t o  perform Oklahoma and Montana f l i g h t  
t e s t s .  The C a l i f o r n i a  t e s t s  a r c  d i s t r i b u t e d  throughout t h e  
t e s t  pe r iod .  The sequence f o r  t h e  DLS f l i g h t  t e s t s  i s  a s  folfows:  
0  C a l i f o r n i a  Tes t s  June 12-19,  J u l y  6-10,  J u l y  27-31 
0  Oklahoma T e s t s  June 22-July 2 
0  Colorado Tes t s  J u l y  1 3  
0  Montana T e s t s  J u l y  14-24 
The Colorado t e s t s  w i l l  t a k e  p l a c e  on J u l y  13 enrou te  
from t h e  ARC t o  t h e  Montana t e s t  base  of opera t ions .  The 
planned bases of  opera t ion  f o r  t h e  CV-990/DLS f l i g h t  t e s t s  
a r e  a s  fo l lows.  
0  C a l i f o r n i a  Tes t s  : Ames Research Center ,  Moffett  
F i e l d ,  C a l i f o r n i a  
0 Oklahoma Tes t s  : Tinker AFB, Oklahoma C i t y ,  Oklahoma 
0  Montana T e s t s :  El lsworth AFB. Rapid C i t y ,  South Dakota i 
The f e r r y  f l i g h t s  a r e  a s  fo l lows.  i 
0 ARC t o  Tinker  AFB, June 22 
I 
0 Tinker  AFB t o  ARC J u l y  2 
0 ARC t o  Ellsworth AFB, J u l y  13 
0 Ellsworth AFB t o  ARC,  J u l y  24 
The t o t a l  f l i g h t  t e s t  t ime a v a i l a b l e  i s  66 hours.  I t  
i s  planned t h a t  approximately 16 hours o f  f l i g h t  t ime w i l l  
b e  s e t  a s i d e  a t  each l o c a t i o n  f o r  conduct of  t h e  DLS f l i g h t  
t e s t s ,  except  t h e  color ad^ tes ts ,  f o r  a t o t a l  of 4 5  
hours .  I t  i s  planned t h a t  t h e  f e r r y  f l i g h t s  w i l l  r e q u i r e  
1 2  hours .  P a r t  of  t h e  f e r r y  t ime w i l l  be used t o  conduct  
t h e  Colorado t e s t s .  '%e a d d i t i o n a l  6 hours  o f  f l i g h t  t ime  
w i l l  be  used f o r  i n i t i a l  eng inee r ing  f l i g h t s  o f  t h e  DLS 
and a c q u i s i t i o n  of  $-measurements Cor Doppler l i d a r  system 
des ign .  
A f t e r  complet ion of DLS f l i g h t  t e s t s  t h e  DLS w i l l  be 
o f f - l o a 6 e d  from t h e  CV-990 on August 3 and 4 and then  sh ipped 
t o  MSFC f o r  f u r t h e r  ground based t e s t i n g .  I t  should  b e  no ted  
t h a t  t h e  t ime i n t e r v a l  between t h e  complet ion of t h e  Montana 
t e s t s  and equipment o f f - l o a d i n g  is  one week. This  one week 
t ime p e r i o d  shou ld  be viewed a s  t h e  t ime s l i p  t h a t  cou ld  
t a k e  p l a c e  i n  t h e  f l i g h t  t e s t s  w i thou t  impact ing t h e  d u r a t i o n  
t ime o f  t h e  f l i g h t  t e s t  windows. 
I t  should be no ted  t h a t  t h e  CCOPE f i e l d  p r o j e c t  w i l l  be  
completed on J u l y  31. Furthermore,  t h e  NSSL r a d a r s  w i l l  be 
taken  o f  o p e r a t i o n  i n  mid-July f o r  maintenance and r e -  
c o n f i g u r a t i o n .  These t ime c o n s t r a i n t s  w i l l  be  a s s e s s e d  
d u r i n g  the  CV-990/DLS f l i g h t  t e s t s  i f  a s l i p  i n  schedu le  
beyond one week should  occur .  
Upon complet ion o f  t h e  f l i g h t  t e s t s , t h e  DLS d a t a  t a p e s  
w i l l  be shipped t o  MSFC f o r  p o s t f l i g h t  t e s t  p rocess ing .  We 
a n t i c i p a t e  i n i t i a l  p o s t f l i g h t  t e s t  d a t a  p rocess ing  w i l l  be 
accomplished dur ing  J u l y  27-August 31. A p o s t f l i g h t  s c i e n c e  
r e p o r t  w i l l  be prepared  d u r i n g  l a t e  August and e a r l y  September. 
This repor t  w i l l  be provided t o  t h e  MSFC Atmospheric 
Processes Program Manager and OSTA Severe Storms and 
Local Weather Research Prograni Manager i n  mid-September. 
The report  w i l l  summarize t h e  r e s u l t s  of  t h e  1981 f l i g h t  
t e s t s  of t h e  DLS r e l a t i v e  t o  t h e  t h r e e  t e s t  ob jec t ives  
l i s t e d  e a r l i e r .  
2 .0  DOPPLER LIDAR SYSTEM 
This s ec t  ion provides a  descr ip r  ion of t h e  MSFC/DLS, 
t h e  r e a l  time data  d i sp lays  t o  be used during t h e  DLS 
f l i g h t  t e s t s ,  and the  da t a  s e t s  t h a t  w i l l  r e s u l t  from t h e  
p o s t f l i g h t  t e s t  data  processing a c t i v i t y .  
2 . 1  SYSTEM DESCRIPTION 
The DLS t o  be used i n  t h i s  t e s t  is a  pulsed C 0 2  
system operat ing a t  a  wavelength of  10.6 urn. The measure- 
ment of atmospheric winds with t h i s  system i s  accomplished 
by de tec t ion  of r ad i a t i on  s c a t t e r e d  by n a t u r a l l y  a v a i l a b l e  
ac rcso l s  within t he  atmosphere. As a  consequence, t h e  pe r -  
formance of t h i s  system w i l l  b e  determined l a rge ly  by t he  
presence o r  absence of aerosols  i n  t h e  des i red  measurement 
region. 
The operat ion of t he  l i d a r  i s  b.est explained wi th  t h e  
aid of t he  s impl i f i ed  block diagram shown i n  Figure 2 - 1 .  
Thc master o s c i l l a t o r  l a s e r  is  an e igh t  w a t t ,  continuous 
wave, plane po la r ized ,  C02 l a s e r  operat ing a t  10.6 pm. A 












































































































































































































































use as a l o c a l  o s c i l l a t o r  (1.0) i n  t he  homodyne de t ec t i on  
of t h e  r e t u r n  s i g n a l .  The bulk of  t h e  master o s c i l l a t o r  
l a s e r  output  i s  t ransmi t ted  t o  an e l e c t r o - o p t i c  modulator 
which amplitude-modulates t h e  con?inuous output  a t  a  140 Hz 
r a t e  t o  form a t r a i n  o f  pulses  each 2 p s  i n  du ra t i cn .  Each 
pulse  i s  d i r ec t ed  i n t o  a power ampl i f i e r  which provides 
approximately 30 dB of gain and r e s u l t s  i n  a per  pu lse  energy 
of approximately 10 m J .  The ampl i f ied  pu lse  next  passes 
through a Brewster window which i s  a l igned t o  t ransmi t  t h e  
 articular p o l a r i z a t i o n  of t he  pu lse .  The next  element 
encountered by t h e  pulse  is a q u a r t e r  waveplate which con- 
v e r t s  t h e  plane po la r ized  pu lse  t o  c i r c u l a r  po l a r i za t i on .  The 
c i r c u l a r l y  po la r ized  pulse  then e n t e r s  t h e  te lescope where 
i t  i s  expanded t o  a diameter of - 2 4  cm (measured t o  t he  l / e  2 
poin t s  of  t h e  Gaussian d i s t r i b u t e d  i n t e n s i t y )  , col l imated,  
and t ransmi t ted  t o  t h e  atmosphre. This i s  accomplished by 
a r o t a t i n g  double wedge scanner and a germanium window 
mounted i n  t h e  e x i t  door over t h e  p o r t  wing of  t h e  Convair 
990 a i r c r a f t  i n  which t h e  l i d a r  i s  i n s t a l l e d .  The pu lse  
i l lumina tes  a volume of a i r  descr ibed by t h e  diameterof t h e  
t ransmi t ted  beam ( tak ing  i n t o  account beam divergence) and 
t h e  pulse  s p a t i a l  reso l tu ion .  The l a t t e r  value  f o r  a  d i s -  
t r i bu t ed  t a r g e t  i s  defined a s  
where: AR = p u l s e  r e s o l u t i o n  
C = speed o f  l i g h t  
T = p u l s e  dura t ion .  
Consequently,  f o r  a  2 u s  pu l se  a  r eg ion  of  t h e  atmosphere i s  i l l umi -  , 
na ted  t h a t  i s  nominally 300 m i n  l e n g t h  and 24 cm i n  d iameter .  
The a e r o s o l s  t h a t  l i e  w i t h i n  t h i s  i l l u m i n a t e d  reg ion  s c a t t e r  
t h e  i n c i d e n t  r a d i a t i o n  i n  a l l  d i r e c t i o n s .  That which i s  
s c a t t e r e d  back along t h e  a x i s  o f  t r ansmiss ion  has been r o t a t e d  
i n  p o l a r i z a t i o n  by 180' and Doppler s h i f t e d  by an anount ,  d f ,  
where 
- Vr = r a d i a l  ( l i n e - o f  - s i g h t )  v e l o c i t y  component 
X = r a d i a t i o n  wavelength. 
For 10.6 pm r a d i a t i o n  a  Doppler s h i f t  o f  100'kHz corresponds 
t o  a  v e l o c i t y  of 0.53 rn sec-l. The backsca t t e red  r a d i a t i o n  i s  
c o l l e c t e d  by t h e  t e l e s c o p e  and t r a n s m i t t e d  through t h e  q u a r t e r  
waveplate where t h e  p o l a r i z a t i o n  i s  converted from c i r c u l a r  
t o  p lane  ( t h i s  p o l a r i z a t i o n  is  90' o u t  of  phase from t h a t  
which was t r a n s m i t t e d  due t o  t h e  180' s h i f t  r e s u l t i n g  from 
t h e  ae roso l  s c a t t e r i n g ) .  The r e t u r n  r a d i a t i o n  i s  then r e f l e c t -  
ed o f f  t h e  Brewster window (due t o  t h e  p o l a r i z a t i o n )  and com- 
bined wi th  t h e  l o c a l  o s c i l l a t o r  beam and imaged on a  d e t e c t o r .  
The output  amplitude of  t h e  d e t e c t o r  i s  t h e  r e s u l t  of  t h e  
sum of  t h e  square  of  t h e  f i e l d s  s c a t t e r e d  by t h e  i n d i v i d u a l  
aeroso ls  Ci.e. t h e  power). The frequency of t h e  de t ec to r  
output  i s  t h e  r e s u l t  o f  a  time-varying in t e r f e r ence  p a t t e r n  
( sused by d i f fe rence  i n  frequency between t h e  r e t u r n  
i~eam and the  l o c a l  o s c i l l a t o r  ( i . e .  t h e  Doppler s h i f t ) .  
' f ierefore ,  a  Fourier ana lys i s  of t h e  de t ec to r  output w i l l  
j . i e ld  a power s p e c t r a l  dens i ty  (Doppler spectrum) of  t h e  
-eturn s igna l  which i n  tu rn  i s  r e l a t e d  t o  t h e  v e l o c i t y  
. ~ i s t r i b u t i o n  ( i n  a s t a t i s t i c a l  sense) of  t h e  ae roso ls  wi th in  t h e  
:il luminated volume. Since t h e  aerosols  a r e  small  (1  t o  5 
rr!icrons i n  diameter) they may be assumed t o  r e l i a b l y  follow 
t h e  wind, so t h a t  t h e  r e tu rn  Doppler spectrum can be i n t e r -  
p re ted  as a wind v e l o c i t y  d i s t r i b u t i o n  funct ion i n  a s t a t i s t i -  
c a l  context .  In p r a c t i c e ,  only t h r ee  s p e c t r a l  parameters, 
ins tead of t he  e n t i r e  d i s t r i b u t i o n ,  a r e  obtained through 
t h c  use o f  a poly-pulse p a i r  es t imat ion technique. This 
es t imat ion technique produces t h e  peak i n t e n s i t y ,  mean 
frequency s h i f t ,  and frequency spread (s tandard dev ia t ion)  
of t he  r e tu rn  Doppler spectrum f o r  each r e so lu t i on  element 
avei-aged over a s e l e c t a b l e  number of pu l ses .  The peak i n -  
t e n s i t y  provides a r e l a t i v e  measure of ae roso l  dens i ty .  The 
mean irequency s h i f t  can be used t o  der ive  an average value  
oi t h e  l i n e - o f - s i g h t  wind ve loc i ty  over t he  Doppler pulse  
length .  The frequency spread,  o r  s tandard deviation of t h e  
Doppler spectrum,corresponds t o  t h e  spread,  o r  s tandard  
de ~ i c ' . i o q  of l i n e - o f - s i g h t  wind ve loc i ty  over t h e  Doppler 
p u l s e  length .  This  informat ion  is recorded a long wi th  
p o s i t i o n  and o t h e r  p e r t i n e n t  informat ion  and a t  t h e  same 
time r r o c e s s e d  t o  o b t a i n  r e a l  time v e c t o r  p l o t s  o f  t h e  wind 
f i e l d  i n  a  h o r i z o n t a l  p lane  a t  t h e  a l t i t u d e  o f  t h e  a i r c r a f t .  
The a c q u i s i t i o n  of  t h i s  wind f i e l d  map i s  d e p i c t e d  i n  
Figure 2 - 2  and is  accomplished as  fo l lows:  The r o t a t i n g  
wedge scanner  d i r e c t s  t h e  l i d a r  output  beam 20' forward o f  
a  pe rpend icu la r  t o  t h e  a i r c r a f t  l o n g i t u d i n a l  a x i s  ( r o l l  and 
p i t c h  a r e  au tomat ica l ly  compensated f o r  by t h e  scanner ,  
yaw is accounted f o r  i n  t h e  d a t a  p rocess ing) .  Data a r e  
c o l l e c t e d  from each range g a t e  (contiguous p u l s e  r e s o l u t i o n  
elements)  from -1 km i n  range t o  -10 km. Data from each 
range g a t e  ( i . e .  i n t e n s i t y ,  mean and v e l o c i t y  spread)  a r e  
averaged f o r  N pu l ses  a t  which time t h e  d a t a  a r e  t r a n s m i t t e d  
t o  a computer along with t h e i r  r e s p e c t i v e  p o s i t i o n  i n  space 
and recorded on t ape  a s  mentioned p rev ious ly .  A t  t h i s  t ime 
t h e  scanner  d i r e c t s  t h e  beam t o  a  p o s i t i o n  20' a f t  and t h e  
process  i s  repeated .  As can be  seen from Figure  2 - 3 ,  a  g r i d  
p a t t e r n  w i l l  develop where two iniependent  measurements o f  
t h e  wind v e l o c i t y  from two d i f f e r e n t  view ang les  w i l l  r e s u l t  
i n  t h e  c a l c u l a t i o n  of t h e  v e c t o r  v e l o c i t y  a t  each i n t e r -  
s e c t i o n  p o i n t  of  forward and rearward looking scans .  The 
geometry and s p a t i a l  r e s o l u t i o n s  a s s o c i a t e d  wi th  t h i s  process  
a r e  shown i n  Figure 2 - 4 .  No d a t a  w i l l  be  c o l l e c t e d  c l o s e r  
than  1 km due t o  l i d a r  turn-on time. Maximum range w i l l  be  
dependent upon ae roso l  concen t ra t  ions  but  f o r  r e a l  t ime 
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FIGURE 2-4. DOPPLER LIDAR CHARACTER1 S T I C S  
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d i s p l a y  i t  has  been  f i x e d  a t  10  km. The e x t e n t  o f  t h e  
d a t a  sample a r e a  i d e n t i f i e d  i n  F igu re  2-4 i s  de te rmined  by 
t h e  p u l s e  r e s o l u t i o n ,  AR and t h e  ground t r a c k  r e s o l t u i o n ,  
AXD. Where 
1 AR = - C-r 
2 
wi th  
8 C = speed o f  l i g h t ,  (3  x 10 m sec") 
-6 
r = p u l s e  d u r a t i o n ,  (2 x l ~ - ~ s = ,  4 x 10 s e c  o r  
8 x l o m 6  s e c )  
and 
- AXD - (N-1) V 
PRF 
w i t h .  
N = number o f  p u l s e s  averaged (20 - 200) 
V = a i r c r a f t  ground speed (150 - 250 m .sec- ')  
PRF = p u l s e  r e p e t i t i o n  frequency (110-140 pps)  
The a long  t r a c k  d i s t a n c e  between peaks ,  A X  i s  g iven  by P '  
A X  = V A t  
P  
where 
1 = 7.14 x sec A t  = 
The a long  t r a c k  d i s t a n c e  between forward and rearward  look ing  
s c a n s ,  AX, ,  is g iven  by 
A X  = T V 
where 
T  = s c a n n e r  t u rna round  t ime  (.255 s e c  minimum) 
A s  can be saen from t h e s e  equa t ions  t h e r e  i s  a  c e r t a i n  
amount of f l e x i b i l i t y  i n  de termining  t h e  d a t a  sample a r e a .  
The most n o t a b l e  e f f e c t s  can come from va ry ing  N ,  AR, T  
and V. These equa t ions  a r e  summarized i n  Table  2 - 1 .  
2 . 2  RFAL TIME DISPLAYS 
Examples o f  two of  t h e  r e a l  t ime d i s p l a y s  t h a t  w i l l  be 
used dur ing  t h e  DLS f l i g h t  t e s t s  a r e  shown i n  F igures  2-5 
and 2 -6 .  In Figure 2 - 5 ,  t h e  wind f i e l d  v e c t o r s  a r e  p l o t t e d  
a s  a  func t ion  of  d i s t a n c e  from t h e  a i r c r a f t  t r a c k  (x) and 
d i s t a n c e  from t h e  s t a r t  o f  t h e  run ( y ) .  Header in fo rma t ion  
inc ludes  f l i g h t  cumber, run number, d a t e ,  t ime ,  p l o t  number, 
a i r c r a f t  p o s i t i o n  a t  s t a r t  o f  run ,  p o s i t i o n  of lower l e f t  
hand c o r n e r  of p l o t  r e l a t i v e  t o  s t a r t  o f  run ,  heading  a l t , i t u d e ,  
p u l s e  wid th ,  number of  p u l s e s  i n t e g r a t e d  and s c a l e  in fo rma t ion .  
The l e t t e r s  F  and A i n d i c a t e  when a  s i g n a l  drop o u t  occurs  
due t o  e i t h e r  a forward o r  rearward looking  scan .  A B i n d i -  
c a t e s  t h a t  no s i g n a l  was r ece ived  from e i t h e r  scan .  F igure  2 - 6  
shows t h e  type  of d i s p l a y  a v a i l a b l e  f o r  t h e  s c a l a r  va lues  
of i n t e n s i t y ,  mean v e l o c i t y  and v e l o c i t y  s p r e a d ,  from a  s i n g l e  
l i n e - o f - s i g h t .  E i t h e r  forward o r  rearward scans  may be s e l e c -  
t e d  and d i sp layed .  In t h i s  c a s e  t h e  d a t a  i s  coded and d i s p l a y e d  
as  a  f u n c t i o n  of d i s t a n c e  from s t a r t  p o s i t i o n  (x) and d i s t a n c e  
from t h e  a i r c r a f t  t r a c k  (y)  . These d i s p l a y s  w i l l  be supp le -  
mented w i t h  a  d i s p l a y  o f  t h e  a i r c r a f t  t r a c k  r e l a t i v e  t o  t h e  
measurement l o c a t  ion  (Figure  2 - 7 ) .  
20 
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TABLE 2-L MEASUREMENT PARAMETERS 
V = GROUND SPEED OF AIRCRAFT 
r - PULSE WIDTH 
PRF = PULSE REPET ITION FREQUENCY 
AR = RANGE RESOLUTION * Cr/2 
At = TIME INTERVAL BETWEEN PULSES = 11PRF 
(AXlp = DISTANCE BETWEEN PULSES ALONG GROUND 
PATH = VAt 
N - NUMBER OF PULSES IN DATA SAMPLE AREA 
(AXID = GROUND TRACK RESOLUTION = (N-1) V 
PR F 
(AXIS = DISTANCE ALONG GROUND PATH BETWEEN 
FORWARD AND REARWARD DIRECTED BEAMS 
T = MINIMUM TIME REQUIRED TO REVERSE LASER 
PROPOGATION DIRECTION, T < (AXIsIV 
EXAMPLE 
I 
SPECIFY: AR, (AXID, D 
CALCU LA1 E : 
r e 2  AR 
N=IAX)D PRF C +1 
V 
(4x1s = D - (AX10 
T =  (AX) 
v 
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P o s t  p r o c e s s i n g  o f  t h i s  d n t a  w i l l  b e  p e r f o r m e d  t o  
q u a l i f y  t h e  d a t a  and a s s i g n  e r r o r  w e i g h t s  t o  e a c h  measure -  
ment p o i n t .  T h i s  d a t a  w i l l  t h e n  h e  p r o v i d e d  f o r  a n a l y s i s .  
2 . 3  POSTFLICtIT TEST DATA PROCESSING 
The p o s t f l i g h t  t e s t  p r o c e s s i n g  of  t h e  D L S  ~ l a t a  w i l l  
t)e a imed a t  r e d u c i n g  t h e  h o r i z o n t a l  l i n e - o f  - s i g h t  mean 
velocities. Three  t y p e s  o f  d a t a  se t s  w i l l  he  p r e p a r e d ;  
namcly raw J a t ; i ,  smoot!~cJ  f i e l d s  ~f l i n e - o f - s i g h t  v e l o c i t y ,  
and smoothcd vector wind f i c l d s .  These  d n t a  s c t s  a l o n g  w i t h  
o t h c r  mcat;~irc~~ncnts show~l i n  I ' a h l c  2 - 2  w i l l  b e  s t o r c t l  on corn- 
p u t c r  tapes. I.imitc-J amounts o f  ha rdcopy  o f  t l t e s c  d a t a  w i l l  
a l s o  b e  p r e p a r e d .  
2 . 3 . 1  RAW DATA SETS 
The: most b a s i c  s e t  o f  d a t a  t h a t  w i l l  b e  p r e p a r e d  c o n -  
s i s t s  o f  t h e  raw l i n e - o f - s i g h t  v c l o c i r y  m c a s u r e n ~ c n t s .  An 
a l g o r i t h m  w i l l  be  ~ i s c d  t o  a s s i g n  :i menstire of t h e  d e g r e e  t o  
which e a c h  l i n e - o f - s i g h t  measurement can 1)c c o n s i d e r e d  t o  
b e  r e l i a b l e .  T h i s  (1ui l l i ty  c o n t r o l  p a r a m e t e r  w i l l  h e  d c t c r -  
mined from DI,S p a r a m e t e r s ,  c . g .  signal- t o - n o i  s c  r a t  i o .  
3 Sb100Ti1I:D LINE-01:-SIGHT VELOCITY DA'TA SF'I'S 
These  d a t a  s c t s  w i l l  he  o b t a i n e d  from t h e  raw d a t a  
sc t s  by smooth ing  t h e  f o r w a r d  and rea rward  l o o k i n g  l i n e - o f -  































































































































































































































































































































































































































































































































































































































































































































































































































































































































































































p r o c e s s  t a k e s  i n t o  account  t h e  s i g n a l - t o - n o i s e  r a t i o  f o r  
each  measurement and yaw motion of t h e  a i r c r a f t  t o  d e r i v e  
smo hed f i e l d s  o f  l i n e - o f - s i g h t  v e l o c i t y  f o r  t h e  rearward  
and forward l o o k i n g  c a s e s ,  e ach .  
2 .3 .3  SMOOTHED HORIZONTAL VECTOR VELOCITY DATA SETS 
These d a t a  s e t s  w i l l  be  d e r i v e d  from t h e  smooth l i n e -  
o f - s i g h t  v e l o c i t y  f i e l d s  by removing t h e  t ime  d e l a y  o f  t h e  
rearward  l o o k i n g  f i e l d  w i t h  r e s p e c t  t o  t h e  forward l o o k i n g  
f i e l d .  This  w i l l  b e  accomplished by f i r s t  d e t e r m i n i n g  
a r c a  mean v a l u e s  o f  forward and rearward  l o o k i n g  l i n e - o f -  
s i g h t  v e l o c i t i e s .  The a r e a  ove r  which t h i s  a v e r a g e  i s  t o  be  
o b t a i n e d  w i l l  b e  de te rmined  d u r i n g  t h e  p o s t f l i g h t  d a t a  
p r o c e s s i n g  a c t i v i t y .  The mean v a l u e s  o f  t h e  l i n e - o f - s i g h t  
v e l o c i t y  components w i l l  be used  t o  c a l c u l a t e  a  mean f low 
h o r i z o n t a l  v e l o c i t y  v e c t o r .  Th i s  mean f l ow  v e l o c i t y  v e c t o r  
w i l l  b e  used t o  advec t  t h e  forward  and rearward  l i n e - o f - s i g h t  
v e l o c i t y  f i e l d s  r e l a t i v e  t o  each  o t h e r  t o  -emove t h e  t ime  
d e l a y  o f  t h e  rearward  l o o k i n g  v e l o c i t y  f i e l d  w i t h  r e s p e c t  t o  
t h e  forward l o o k i n g  v e l o c i t y  f i e l d .  The r e s u l t i n g  l i n e - o f -  . 
s i g h t  v e l o c i t y  f i e l d s  w i l l  be  cornbiped v e c t o r i a l l y  t o  o b t a i n  
an  e s t i m a t e  of  t h e  h o r i z o n t a l  v e c t o r  wind f i e l d .  
3.0 TEST OPERATIONS 
Th i s  s e c t i o n  p r o v i d e s  a  d e s c r i p t i o n  o f  t h e  DLS/CV-990 
i n t e r f a c e s  and o p e r a t i o n a l  c o n s i d e r a t  i o n s .  The b a s e s  o f  
c p e r a t i o n  f o r  t h e  CV-990 f o r  t h e  v a r i o u s  tes ts  a r e  a s  f o l l o w s .  
C a l i f o r n i a  T e s t s  - Ames  Research C e n t e r ,  Moffe t t  F i e l d ,  
C a l i f o r n i a  
Oklahoma T e s t s  - Tinke r  AFB, Oklahoma C i t y ,  Oklahoma 
Montana T e s t s  - El l swor th  AFB, Rapid C i t y ,  South Dakota 
3 . 1  TEST INTERFACES 
F lgu re  3 - 1  p rov ides  a diagram o f  t h e  i n t e r f d i e s  between 
t h e  r e s p e c t i v e  members o f  t h e  DLS/CV-990 f l i g h t  t e s t  p e r s o n n e l .  
'~'ht? CV-990 missior,  manager, blr. George Alge r ,  ARC, i s  t h e  
i n t e r f a c e  between t h z  MSFC/DLS t e s t  team and t h e  CV-990 f l i g h t  
crew ( p i l o t ,  c o - p i l o t  , n a v i g a t o r )  . The mis s ion  manager w i l l  
work d i r e c t  w i t h  t h e  CV-990 f l i g h t  crew and t h e  MSFC/DLS 
t e s t  conduc to r ,  Mr. James B i l b r o ,  MSFC, o r  h i s  des igna ted  
r e p r e s e n t a t i v e .  The mis s ion  manager i s  r e s p o n s i b l e  f o r  t h e  
conduct  o f  t h e  miss ion  r e l a t i v e  t o  t h e  CV-990 s i d e  o f  t h e  CV- 
990/DLS i n t e r f a c e .  The t e s t  conduc to r  i s  r e s p o n s i b l e  f o r  t h e  
conduct  o f  t h e  DLS t e s t s .  The t e s t  conductor  works d i r e c t l y  
w i t h  t h e  MSFCID1.S t e s t  e n g i n e e r i n g  team and t h e  mi s s ion  
s c i e n t i s . ,  D r .  George H. F i c h t l ,  MSFC, o r  h i s  d e s i g n a t e d  
r e p r e s e n t a t i v e .  The t e s t  e n g i n e e r i n g  team i s  r e s p o n s i b l e  
f o r  t h e  s u c c e s s f u l  o p e r a t i o n  o f  t h e  DLS under  t h e  d i r e c t i o n  
o f  t h e  t e s t  conductor .  The mis s ion  s c i e n t i s t  i s  r e s p o n s i b l e  




































































































































































































































































































































































































































































































planning with t h e  var ious  Spec ia l  Data Acquisi t ion Teams 
[Natural Severe Storms Laboratory (NSSL), Cooperative Con- 
vect ion P r e c i p i t a t i o n  Experiment (CCOPE), Univers i ty  of 
t California/Davis (UC/Davis) , and B a t t e l l e  Pac i f i c  Northwest 
Labs (BPNWL)], providing necessary s c i e n t i f i c  support t o  t h e  
t e s t  conductor. The mission s c i e n t i s t  w i l l  be supported by 
f l i g h t  t e s t  s c i e n t i s t s  who w i l l  f l y  on t h e  CV-990. Dr. Daniel 
F i t z j a r r a l d ,  Universi ty Space Research Associat ion (USRA) 
w i l l  f l y  during a l l  f l i g h t  t e s t s  of t h e  DLS t o  provide con- 
t i n u i t y  r e l a t i v e  t o  t h e  operat ion of t h e  DLS from a  s c i e n t i f i c  
point  of  view. D r .  James Telford ,  Universi ty of Nevada (UN), 
w i l l  provide s c i e n t i f i c  support dur ing t h e  CCOPE and NSSL 
experiments. D r .  R.  Doviak, National Severe Storms Laboratory 
(NSSL) w i l l  provide s c i e n t i f i c  support  f o r  the  NSSL t e s t s .  
D r .  William C l i f f ,  B a t t e l l e  Pac i f i c  Northwest Laboratories 
(BPNWL) w i l l  provide s c i e n t i f i c  support f o r  the  San Gorgonio 
Pass, Ca l i fo rn i a  Tes t s ,  and D r .  John Ca r ro l l  w i l l  support t h e  
Walnut Grove TV Tower and Cal i fo rn ia  Central  Valley Tes t s .  
3 . 2  OPERATIONS PROCEDURES 
The opera t iona l  procedures f o r  t h e  CV-990/DLS f l i g h t  
t e s t s  a r e  provided i n  t h i s  s ec t i on .  
3 . 2 . 1  PREFLIGHT PLANNING 
F l igh t  plans f o r  a  given mission w i l l  be discussed t he  
day before  the  mission. Pa r t i c ipan t s  i n  t h i s  d i scuss ion  w i l l  
b e ,  a l though n o t  l i m i t e d  t o ,  t h e  CV-990 manager, CV-990 
f l i g h t  crew r e p r e s e n t a t i v e s ,  t e s t  conductor ,  t e s t  eng inee r ing  
team member, miss ion  s c i e n t i s t ,  f l i g h t  t e s t  s c i e n t i s t s  and 
a p p r o p r i a t e  s p e c i a l  d a t a  a c q u i s i t i o n  team members. The p u r -  
pose of  t h e s e  d i s c u s s i o n s  w i l l  be t o  d e f i n e  and s e t  p r i o r i t i e s  
on t h e  f l i g h t  p l an  o p t i o n s  f o r  t h e  next  day ' s  miss ion  depend- 
i n g  on t h e  weather  f o r e c a s t s  and s p e c i a l  d a t a  a c q u i s i t i o n  team 
o p e r a t i o n a l  c o n s i d e r a t i o n s .  We a n t i c i p a t e  t h a t  d u r i n g  t h e  
morning approximately 3 hours  p r i o r  t o  CV-990 f l i g h t  
d i s c u s s i o n s  would be resumed t o  confirm t h e  a c t u a l  f l i g h t  
o p e r a t i o n s  p l an  t o  be used f o r  t h a t  day. 
3 . 2 . 2  WEATHER FORECASTS 
Weather f o r e c a s t s  f o r  miss ion  p lann ing  purposes w i l l  
be  prepared  by t h e  s c i e n t i f i c  team. The miss ion  s c i e n t i s t  
o r  h i s  des igna ted  r e p r e s e n t a t i v e  w i l l  l e a d  t h i s  a c t i v i t y .  
I t  is  planned t h a t  weather  s t a t i o n  f a c i l i t i e s  a t  Moffe t t  
F i e l d ,  C a l i f o r n i a ;  Tinker  AFB, Oklahoma C i t y ,  Oklahoma; 
and E l l swor th  AFB, Rapid C i t y ,  Montana w i l l  be used f o r  
p r e p a r a t i o n  o f  t h e s e  f o r e c a s t s .  JQ a d d i t i o n ,  me teo ro log ica l  
i n p u t s  w i l l  be provided by t h e  s p e c i a l  d a t a  a c q u i s i t i o n  team 
members t o  suppor t  weather  f o r e c a s t s  f o r  CV-990 o p e r a t i o n s .  
These me teo ro log ica l  i n p u t s  w i l l  be used i n  t h e  p r e f l i g h t  
p lanning  a c t i v i t y  d i s c u s s e d  i n  S e c t i o n  3.2.1.  
3 . 2 . 3  INFLIGHT OPERATIONS 
The f l i g h t  p l an  o p t i o n s  f o r  a  g iven  miss ion  w i l l  be  
t h o s e  agreed  t o  by t h e  miss ion  manager i n  t h e  p r e f l i g h t  
p lanning  d i s c u s s i o n .  Any d e v i a t i o n s  from t h i s  p l a n  a r e  d i s -  
cussed  below. During t h e  miss ion  t h e  n i s s i o n  s c i e n t i s t  w i l l  
de te rmine  t h e  o r d e r  of t h e  f l i g h t  o p t i o n s  t o  be performed. A l l  
s c i e n t i f i c  i n p u t s  t o  t h e  miss ion  manager and CV-990 crew 
r e l a t i v e  t o  o p e r a t i o n  of t h e  CV-990 t o  a t t a i n  DLS t e s t  
s c i e n t i f i c  o b j e c t i v e s  w i l l  be t r a n s m i t t e d  from t h e  miss ion  
s c i e n t i s t  t h r ~ u g h  t h e  t e s t  conductor  t o  t h e  miss ion  manager. 
The mission manager w i l l  make a  "go no-go" d e c i s i o n  on each 
f l i g h t  o p t i o n  o r  d e v i a t i o n  t h e r e t o .  
I f  i t  i s  necessar) .  t o  d e v i a t e  du r ing  CV-990 f l i g h t  from 
o p e r a t i o n  p l a n s ,  agreed upon dur ing  p r e f l i g h t  d i s c u s s i o n s ,  t h e  
fo l lowing  r u l e s  s h a l l  b e  implemented. The miss ion  s c i e n t i s t  i n  
c o o r d i n a t i o n  w i t h  t h e  f e s t  conductor  and f l i g h t  t e s t  s c i e n t i s t s  
w i l l  de te rmine  i n f l i g h t  d e v i a t i o n s  of  t h e  CV-990. The miss ion  
s c i e n t i s t  w i l l  c o n f e r  wi th  t h e  s p e c i a l  d a t a  a c q u i s i t i o n  team, 
i f  p o s s i b l e ,  r e l a t i v e  t o  de termining  d e v i a t i o n s .  The recommen- 
d a t i o n s  f o r  an i n f l i g h t  d e v i a t i o n  a long  w i t h  a l t e r n a t e  f l i g h t  
p l a n s ,  t o  be determined by t h e  miss ion  s c i e n t i s t ,  w i l l  be 
provided t o  t h e  mission manager by t h e  t e s t  conductor  f o r  
d i s p o s i t i o n .  The CV-990 w i l l  no t  d e v i a t e  i n t o  CCOPE a i r  
o p e r a t i o n s  space  u n l e s s  agreed  t o  by t h e  CCOPE mis s ion  
s c i e n t i s t .  
The t e s t  c o n d u c t o r , i n  c o o r d i n a t i o n  w i t h  t h e  mi s s ion  
s c i e n t i s t ,  w i l l  d e t e rmine  f l i g h t  d e v i a t i o n s  i n  t h e  even t  o i  
DLS m a l f u n c t i o n s .  The recommendation f o r  an i n f l i g h t  
d e v i a t i o n  a long  w i t h  a l t e r n a t e  f l i g h t  p l a n s  w i l l  be p r o -  
v ided  t o  t h e  mi s s ion  manager by t h e  t e s t  conductor  f o r  
d i s p o s i t i o n .  
Any i n f l i g h t  d e v i a t i o n s  of  t h e  CV-990 from t h e  ag reed  
t o  f l i g h t  o p e r a t i o n s  p l an  f o r  a  g iven  day,  which r e l a t e  t o  
s a f e t y  o r  p ruden t  o p e r a t i o n  o f  t h e  CV-990 w i l l  be  d e t e r -  
mined by t h e  f l i g h t  crew o f  t h e  CV-990. A l l  d e v i a t i o n s  
i n  CCOPE f l i g h t  o p e r a t i o n s  w i l l  b e  d i s c u s s e d  and c o o r d i n a t e d  
by t h e  p i l o t s  ( i n  t h e  a i r )  p r i o r  t o  e x e c u t i o n  o f  d e v i a t i o n s  
when d e v i a t i o n  invo lves  a i r p l a n e s  below 2 . 1  km (7000 f t  MSL). 
Above 2 . 1  km (7000 f t  MSLj d e v i a t i o n s  s h a l l  be d i s c u s s e d  and 
c o o r d i n a t e d  t ~ y  t h e  p i l o t s  when a i r c r a f t  a r e  n o t  under  IFR con- 
d i t i o n s  a r e  n o t  be ing  c o n t r o l l e d  by an FAA f l i g h t  c e n t e r .  
During t h e  CV-990 o p e r a t i o n s ,  we do n o t  a n t i c i p a t e  
rendezvous w i t h  o t h e r  a i r c r a f t .  However, we do a n t i c i p a t e  
CCOPE a i r c r a f t  may f l y  i n  t h e  r e g i o n  i n  which Doppler l i d a r  
wind v e l o c i t y  measurements a r e  b e i n g  maae t o  o b t a i n  
i n  s i t u  t u r b u l e n c e  measurements w i t h  gus t  p robes  f o r  
Doppler l i d a r  v e r i f i c a t i o n  and d a t a  i n t e r p r e t a t i o n .  We 
a n t i c i p a t e  t h a t  t h e s e  CCOPE a i r c r a f t  would f l y  p a r a l l e l  
t o  t h e  CV-990 f l i g h t  p a t h  no c l o s e r  t h a n  200 m from t h e  
CV-990 and no f u r t h e r  away than  10 km from t h e  CV-990 
f l i g h t  p a t h .  
Tables  3 - 1 ,  2 ,  and 3 prov ide  o p e r a t i n g  d a t a  f o r  t h e  
CV-990 r e l a t i v e  t o  t r u e  a i r  speed ,  c l imb r a t e ,  and f u e l  
consumption. 
3 . 2 . 4  TIME CONSTRAINTS 
A l l  CV-990 f l i g h t  p l a n s  f o r  a  mi s s ion  w i l l  be e s t a b -  
l i s h e d  and confirmed no l a t e r  than  2 hour s  p r i o r  t o  f l i g h t .  
Also 2 hours  w i l l  be  r e q u i r e d  f o r  equipment warm-ups p r i o r  
t o  t a k e - o f f .  The crew r e q u i r e s  1 hour  t o  o b t a i n  f l i g h t  
c l e a r a n c e .  I n  s tandby s i - t u a t i o n s  where in  f l i g h t  o p e r a t i o n s  
p l ans  have been e s t a b l i s h e d ,  bu t  t h e  CV-990 i s  w a i t i n g  f o r  t h e  
s i g n a l  f o r  t a k e - o f f ,  t h e  minimum t ime i n t e r v a l  between 
n o t i f i c a t i o n  f o r  CV-990 t a k e - o f f  and a c t u a l  t a k e - o f f  
t ime  i s  1 hour  i f  t h e  Doppler l i d a r  equipment i s  warmed-up 
and 2 hours  i f  Doppler l i d a r  equipment i s  no t  warmed-up. 
T y p i c a l l y ,  t h e  CV-990 crew w i l l  be a v a i l a b l e  f o r  8 hour  
work d a y s ;  however, i t  i s  p o s s i b l e  t o  have  1 2  hou r  work 
days .  The t o t a l  s tandby t ime p l u s  miss ion  d u r a t i o n  t i r e  
i s  determined by t h e s e  work day c o n s t r a i n t s .  Thus,  i f  
s tandby t ime becomes c x c c s s i v e  such t h a t  t h e  miss ion  is  
a d v e r s e l y  impacted s o  as t o  s i g n i f i c a n t l y  reduce s c i e n t i f i c  
r e t u r n  i t  may h e  neces sa ry  t o  s c r u b  t h e  miss ion  f o r  t h a t  day .  
TABLE 3 - 1  
CV-990 TRUE AIR SPEED (TAS) AS FUNCTIO?i OF ALTITUDE 
A l t i t u d e  (m) - 1 TAS (m sec ) 
Surface 1 2 0 - 1 5 0  
3 , 0 0 0  1 4 5 - 1 7 0  
6 , 5 0 0  1 7 0 - 2 0 0  
10 ,000  195-230  
1 3 , 3 0 0 e  230-250 ( l a s t  h o u r s  
of f l i g h t )  
" C e i l i n g  1 3 , 3 0 0  m .  D u r i n g  CCOPE and NSSL 
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For fully loaeed run to 9700 m 
time to altitude 25 min 
TABLE 3-3 
CV-990 FUEL CONSUMPTION RATE 
- 
Altitude lbs hr-I gals hr ' 
- 
16,000 2,443 
1,650 15,000 2,290 
3,200 14,000 2,137 
4,850 13,500 2,061 
6,400 13,000 1,985 
8,050 13,000 1,985 
9,700 12,830 1,954 
11,350 12,800 1,954 
I 
Dur ing  any  g i v e n  m i s s i o n  t h e  maximum f i i g h t  time w i l l  
rar-ge between 5 and 6 h o u r s  d e p e n d i n g  on f l i g h t  a l t i t u d e ,  
i . e . ,  5 h o u r s  f o r  a  n ~ i s s i o i l  t a k i n g  p l a c e  below 1 . 5  km (5000 f t )  
and 6 h o u r s  f o r  a h i g h  a l t i t u d e  m i s s i o n  a t  10 .4  km and 1 0 . 7  km 
(30,000-35,000 f t :  w i t h  i n t e r m e d i a t e  v a l u e s  o f  t o t a l  m i s s i o n  
f l i g h t  t i m e  a v a i l a b l e  f o r  a l t i t u d e s  be tween  1 . 6  km and 1 0 . 4  kr 
(5 ,000 and 30,000 f t ) .  T y p i c a l  m i s s i o n  t i m e  i s  e x p e c t e d  t o  
r a n g e  between 4 -5  h o u r s .  C e r t a i n  r c i s s i o n s ,  however ,  c o u l d  h e  
a s  s h o r t  as 2 h o u r s ,  c . g .  Walnut Grove T e s t .  A c t u a l  CV-990 
f l i g h t  d u r a t i o n  time w i l l  depend on s c i e n c e  o b j e c t i v c s  
s e l e c t e d  f o r  anv g i v c n  m i s s i o ~ ?  and m e t e o r o l o g i c a l  c o n d i t i o n s  
r e q u i r e d  t o  nccompl i s h  sc - i ence  ob j c c t  i v e s  . 
The CV-990 w i l l  h e  s c 5 e d u l c d  f o r  no  more t h a n  one  m i s s i o n  
p e r  d a y .  
3 . 2 . 5  ?!ETEOROLOGI(:AI, CONSTMINTS 
i ' he  CV-990 hns  c e r t a i n  c o n s t r a i n t s  on m e t e o r o l o g i c a l  
c o n d i t i o n s  r e l a t i v e  t o  s a f c t y .  F o r  r e s e a r c h  f l i g h t s ,  t h e  
CV-990 i s  rcc lu i rcd  t o  m a i n t a i n  a t  l e a s t  a 1 8 . 5  km (10 n a u t i c a l  
m i l e )  h o r i z o n t a l  d i s t a n c e  from a  s t o r m  c c n t c r  ( a s  d e t e r m i n e d  
from t h e  onboard  CV-990 w c a t h c r  r a d a r )  f o r  f l i g h t  a l t i t u d e s  
a t  o r  above t h e  f r c c z i n g  I c v r l .  The c o r r e s p o n d i n g  h o r i z o n t a l  
d i s t a n c e  f o r  altitudes helow t h e  f r e e z i n g  l c v c l  i s  5 n a u t i c a l  
m i l e s .  I f  p a s s c n g c r s  a r c  onboard  t o  o h s c r v c  D1,S o p e r a t i o n s  
o r  a r e  n o t  d i r c c t l v  i n v o l v e d  w i t h  s a t i s f y i n g  m i s s i o n  o b j e c t i v e s  
t h e  c o r r e s p o n d i n g  d i s t n n c c s  a r c  3 7  kin and 1 8 . 5  km (20 and 1 0  
n a u t i c a l  m i l e s ) ,  r e s p e c t i v e l y .  A l l  CV-990 VFR f l i g h t  
o p e r a t i o n s  must b e  conducted under v i s u a l  me teo ro log ica l  
c o n d i t i o n s  (VFIC).  A t  CCOPE CV-990 f l i g h t  o p e r a t i o n s  a t  or  
below 2.1 km ( 7 0 0 0  i t )  w i l l  be  under VFR/VMC c o n d i t i o n s .  
3.2 . 6  CObMUNICATIONS 
A l l  communications t o  t h e  CV-990 from s p e c i a l  d a t a  
a c q u i s i t i o n  teams w i l l  he t r a n s m i t t e d  t o  t h e  miss ion  
mannger's console  onhonrd thta CV-990 on f r equenc ies  t o  
he mutual ly ngrccd t o  b)- t h e  mission manager and t h e  
r c s p c c t i v c  d a t a  a c q u i s i t i o n  tcnms. The CCOPE w i l l  provide 
a spec in1 Fb1 t  rnnsmi t t  c r / r c c c i v c r  t o  t h e  CV-990 f o r  conduct 
of communicnt ions between CCOPE and t h e  CV-990. 
4.0 FL ICHT EXPERIblENTS 
This  s e c t  ion provides  d e t a i l e d  d e s c r i p t  i ons  of  t h e  
summer 1981 f l i g h t  t c s t s  o f  t h e  DLS. The f l i g h t  t e s t s  have 
heen designed t o  accomplish t h e  t e s t  objectives l i s t e d  i n  
Scctiorr 1 .2 .  Primary cml>hasis of t h e  t c s t  1lrogr:Irn w i l l  b e  
p!nccd on thc confirm;lt ion of  t h e  I)LS arrrl assessment of  t h e  
c t ~ p a b i l i t y  o f  t h c  D14S t o  measure d e t a i l e d  wind f i c l d s  
assoc  i a t e d  wi th  seve re  s torms and l o c a l  wenthcr phenomena. 
b l -ght  cxpcr imcnts have hccn prcpnred f o r  mom f l  i g h t  t ime 
than w i l l  bc n v a i l n h l e .  T h i ~  w i l l  permit t h e  DLS tenm t o  
respond t o  chnngcs i n  atmospheric  c o n d i t i o n s  and w i l l  permit  
t h c  CV-IISO/DI,S team t o  e x p c d i t c  t h c  summer 1981 f l i g h t  t e s t s  
i n  an e f f i c i e n t  manner. The m a j o r i t  ? f  t h e  t e s t s  w i l l  
be  performed i n  con junc t ion  w i t h  v a r i o u s  groups t o  o b t a i n  
a  l a r g e  body o f  "ground t r u t h "  d a t a  and t o  encompass a  
wide v a r i e t y  o f  me teo ro log ica l  c o n d i t i o n s .  
One i tem no t  e x p l i c i t l y  d i s c u s s e d  i n  t h e  fo l lowing  
t e s t  p l ans  d e a l s  w i t h  d u s t  s to rms .  I n t e r e s t  has  been 
e x p e s s e d  by some of t h e  DLS s c i e n c e  team members i n  d a t a  
a c q u i s i t i o n  dur ing  d u s t  s to rms .  The mot iva t ion  f o r  t h i s  i s  
t h r e e f o l d ,  namely 1 )  d u s t  s torms provide  a e r o s o l  s c a t t e r i n g  
c o e f f i c i e n t s  s u f f i c i e n t l y  h i g h  t o  guarantee  s i g n a l  
r e t u r n  over  long ranges provided dus t  c o n c e n t r a t i o n  i s  not  
t o o  h igh  t o  r e s u l t  i n  s e v e r e  a t t e n u a t i o n ,  2 )  l a r g e  ambient 
wind v e l o c i t i e s  and s h e a r s ,  and 3) l a r g e  l o c a l  t u r b u l e n t  
i n t e n s i t i e s .  F l i g h t  p l ans  f o r  s t u d y i n g  d u s t  s torms would 
be  s i m i l a r  t o  t h o s e  f o r  s tudy ing  cumulus c louds  and f r o n t s .  
We p lan  t o  accommodate a c q u i s i t i o n  of DLS d a t a  i n  d u s t  s torm 
c o n d i t i o n s  wherever p o s s i b l e ,  p r i m a r i l y  a t  CCOPE and t h e  
NSSL . 
4 . 1  CALIFORNIA TESTS 
The C a l i f o r n i a  t e s t s  c o n s i s t  of  t h r e e  exper imenis ,  
namely t h e  Walnut Grove TV TowerIDLS comparison e x ~ e r i -  
ment , t h e  C a l i f o r n i a  C e n t r a l  Va l l ey  Experiment, and t h e  San 
Gorgonio Pass Experiment. The Walnut Grove and San Gorgonio 
Pass  exper iments  w i l l  p rov ide  "-round t r u t h "  d a t a  f o r  
con f i rma t ion  o f  t h e  DLS d e s i g n .  S u c c e s s f u l  accomplishment 
o f  t h e s e  exper iments  w i t h  a  f a v o r a b l e  comparison 
between t h e  "ground t r u t h "  wind measurements a c q u i r e d  from 
anemometers on towers  w i t h  t h e  DLS measurements i s  a b s o l u t e l y  
e s s e n t i a l  b e f o r e  p roceed ing  t o  t h e  Oklahoma and Montana 
t e s t  s i t e s .  
4 .1 .1  SYSTEM CALIBRATION TESTS 
The f l i g h t  t o s t  o b j e c t i v e s  r e l a t i n g  t o  system p e r -  
formance i n c l u d e :  
System c a l i b r a t i o n  a s  a  f u n c t i o n  of range  
V e r i f i c a t i o n  o f  s canne r  o p e r a t  ion  
Eva lua t ion  of  a tmospher ic  performance 
V e r i f i c a t i o n  of l i n e - o f - s i g h t  v e l o c i t y  measurements 
V e r i f i c a t i o n  o f  two-dimensional  v e l o c i t y  v e c t o r  con-  
s t r u c t i o n .  
The systzm c a l i b r a t i o n  w i l l  be performed by measuring 
t h e  s i z n a l  from a  ha rd  t a r g e t  a t  va ry ing  r a n g e s ,  i n  a  method 
s i m i l a r  t o  t h a t  used i n  t h e  CAT f l i g h t s .  For t h i s  pu rpose ,  
t h e  s c a n n e r  w i l l  be  ope ra t ed  i n  t h e  manual mode t o  produce 
a  d e p r e s s i o n  a n g l e ,  r e l a t i v e  t o  t h e  h o r i z o n ,  o f  about  12'. 
Th i s  w i l l  p e rmi t  t h e  l a s e r  beam t o  i n t e r c e p t  t h e  ground a t  
a  rznge  dependent on a i r c r a f t  a l t i t u d e .  By per forming  
r a c e t r a c k  f l i g h t  p a t t e r n s ,  i n c r e a s i n g  t h e  a l t i t u d e  on each  
l e g  of  t h e  r a c e t r a c k ,  a  va ry ing  range  may be r e a l i z e d .  
S p e c i f i c a l l y ,  f l y i n g  a t  a l t i t u d e s  from 600 meters  t o  6 
k i l o m e t e r s ,  ranges o f  1-10  k i l o m e t e r s  may be o b t a i n e d .  
T h e r e a f t e r ,  i t  may be convenient  t o  o b t a i n  a d d i t i o n a l ,  
l onge r ,  ranges by reducing  t h e  d e p r e s s i o n  a n g l e .  Th i s  
experiment w i l l  be conducted over  an  a r e a  o f  smooth, u n i -  
form t e r r a i n ,  where r e l i a b l e  b a c k s c a t t e r  e s t i m a t e s  may be  
made, such a s  t h e  Carson Sink i n  Nevada. The ampli tude 
of t h e  s i g n a l  recorded  by t h e  p rocesso r  and t h e  s i g n a l - t o -  
n o i s e - r a t i o  measured w i t h  a  spectrum a n a l y z e r  w i l l  be 
r eco rded  a t  each a l t i t u d e ,  t he reby  p rov id ing  d a t a  s u f f i c i e n t  
f o r  a  system c a l i b r a t i o n .  
The scanner  w i l l  be t e s t e d  e x t e n s i v e l y  i n  ground t e s t s ,  
b u t  a  f l i g h t  t e s t  o f  i t s  performance i s  d e s i r a b l e  t o  ensu re  
p rope r  o r i e n t a t i o n  r e l a t i v e  t o  t h e  a i r c r a f t  i n e r t i a l  p l a t -  
form. A s u i t a b l e  experiment f o r  v e r i f i c a t i o n  o f  p rope r  
o r i e n t a t i o n  o f  t h e  scanner  w i l l  be  performed,  probably u s i n g  
known geographica l  f e a t u r e s  a s  a  t a r g e t ,  and comparing a map 
o f  t h e s e  f e a t u r e s ,  gene ra ted  by t h e  system, w i t h  a  map of  t h e  
f e a t u r e s  a s  they  a r e  known t o  e x i s t .  Mountain peaks may 
provide  t h e  b e s t  t a r g e t  f o r  t h i s  experiment .  
A p a r t i c u l a r l y  s i g n i f i c a n t  a r e a  o f  concern w i t h  r ega rd  
t o  t h e  performance o f  t h i s  system i s  t h e  a tmospher ic  performance 
a t  va ry ing  a l t i t u d e s .  For t h i s  purpose ,  r a c e t r a c k  p a t t e r n s  
w i l l  be  flown a t  s e l e c t e d  a l t i t u d e s  and ampl i tude  a s  w e l l  
a s  s i g n a l - t o - n o i s e  r a t i o  measurements w i l l  be  ob ta ined  a t  
each a l t i t u d e .  The geographica l  a r e a s  chosen f o r  t h e s e  
experiments  w i l l  b e  s e l e c t e d  f o r  t h e i r  s i m i l a r i t y  t o  r e g i o n s  
of in t ended  u s e  of t h e  system f o r  me teo ro log ica l  purposes.  
V e r i f i c a t i o n  o f  t h e  l i n e - o f - s i g h t  v e l o c i t y  measurements 
w i l l  be made bo th  by measuring t h e  v e l o c i t y  ou tpu t  f o r  
ground t a r g e t s  such a s  t h e  d e s e r t  f l o o r  du r ing  system c a l i -  
b r a t i o n  and by comparison of  a tmospheric  v e l o c i t y  measu-ements 
t o  t h e  measured t r u e  a i r  speed  i n d i c a t e d  by a i r c r a f t  i n s t r u -  
ments.  The l a t t e r  w i l l  only compare on an ave rage  b a s i s ,  
s i n c e  t h e  a i r c r a f t  i n s t rumen t s  a r e  l o c a l  and t h e  system measure- 
ment i s  remote.  
In a d d i t i o n  t o  t h e  above exper iments ,  a v e r i f i c a t i o n  
of  t h e  two-dimensional v e l o c i t y  measurement c a p a b i l i t y  o f  
t h e  system w i l l  be made. This  w i l l  be performed by producing 
a wind v e c t o r  map i n  smooth a i r  i n  t h e  p l a n e t a r y  boundary l a y e r .  
This  experiment w i l l  be performed i n  con junc t ion  wi th  
tower measurements desc r ibed  i n  t h e  fo l lowing  s e c t i o n .  
This  experiment w i l l  be performed e a r l y  i n  t h e  f l i g h t  t e s t  
program t o  provide  assurance  t h a t  t h e  system i s  o p e r a t i n g  
p r o p e r l y ,  and t o  e s t i m a t e  t h e  magnitude o f  e r r o r s  i n  
t h e  measurements,  f o r  comparison t o  t h e  t h e o r e t i c a l  
e r r o r  a n a l y s i s .  T h i s  exper iment  s e r v e s  a  d u a l  purpose  
p r o v i d i n g  s c i e n t i f i c  a s  w e l l  a s  system d a t a .  The c a l i -  
b r a t i o n ,  s c a n n e r ,  and a tmospher ic  performance t e s t s  
w i l l  on ly  be  o f  i n t e r e s t  a s  t h e y  r e l a t e  t o  system p e r -  
formance expec ta t j . ons .  Th i s  t e s t  phase w i l l  p rov ide  a  
good b a s i s  f o r  i n t e r p r e t a t i o n  of  t h e  m e t e o r o l o g i c a l  
d a t a  o b t a i n e d  l a t e r  i n  t h e  f l i g h t  t e s t s .  
4.1.2 WALNUT GROVE TV TOWERIDLS INTERCOMPARISON EXPERIMENT 
The o b j e c t i v e  of  t h i s  t e s t  i s  t o  o b t a i n  "ground t r u t h "  
d a t a  t o  conf i rm t h e  DLS d e s i g n  A schemat ic  f l i g h t  p l a n  i s  
shown i n  F igure  4 - 1  A ,  B ,  C .  In  t h i s  t e s t ,  t h e  CV-990 
w i l l  measure t h e  mean f low a t  tower h e i g h t  (1550 f t  AGL) 
w i t h  t h e  i n e r t i a l  n a v i g a t i o n  system.  The f l i g h t  p n t t e r n  
w i l l  t h e n  be o r i e n t e d  r e l a t i v e  t o  t h e  mean wind v e c t o r  a s  
shown i n  F igu re  4 - 1  R and C .  The n a v i g a t o r  w i l l  t h e n  con- 
s t r u c t  a  f l i g h t  p l a n  c o n s i s t e n t  w i t h  t h e  d e s i r e d  f l i g h t  
p a t h  -ind t h e  mean flow v e c t o r  a s  measured by t h e  i n e r t i a l  
n a v i g a t i o n  system a s  d e p i c t e d  i n  F igu re  4 -1  B o r  C .  The 
f l i g h t  p l a n s  a s  shown i n  F igure  4 - 1  R and C w i l l  p rov ide  
wind measurements f o r  f l i g h t  p a t h  l e g s  normal and 
0 = TOWER 
1 = 1 km LEG; 0.5 km OUT 
2 ~ 2 k m  LEG; 1 kmOVT 
3 = 4 km LEG; 2 km OUT 
4 = 8 km LEG, 4 km OUT 
5 = 8 km ORBIT (3609 
SCHEMATIC FLIGHT PATHS 
DURING DATA ACQUISITION 
FIGURE 4-1A 
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'FLIGHT PLAN FOR WIND FROM NE, SE, OR NW: 
FIGURE 4-1C. 
p a r a l l e l  t o  t h e  mean wind a t  s e l e c t e d  d i s t a n c e s  from t h e  
tower ,  e . g .  1,  2 ,  5 km. An anemometer and wind vane a t  
t h e  472 m l e v e l  (BGL) on t h e  tower  w i l l  p rov ide  cor r tbsponding  
measurements of  t h e  wind. Th i s  exper iment  w i l l  b e  t h e  f i r s t  
t e s t  of t h e  DLS.  I h e  f l i g h t  p a t t e r n  i n  F igu re  4-1  B o r  C w i l l  be  
flown t w i c e .  The CV-990 w i l l  t h e n  r e t u r n  t o  t h e  ARC f o r  
immediate between t h e  DLS and tower d a t a .  
I f  t h e  f l i g h t s  a r e  con ta ined  w i t h i n  t h e  a r e a  o f  t h e  
schemat ic  shown, t h e s e  a r e  w i t h i n  a  1 5  km r a d i u s  o f  t h e  tower .  
The n e a r e s t  p o p u l a t i o n  c e n t e r s  w i t h i n  t h i s  r a d i u s  a r e  I s l e t o n  
and Rio V i s t a  t o  t h e  southwest  o f  t h e  tower 14 .5  km and 20 .9  km 
r e s p e c t i v e l y  (9 and 1 3  mi l e s )  and Elk Grove 20 .9  km (13 m i l e s )  t o  
t h e  n o r t h e a s t .  The most l i k e l y  wind d i r e c t i o n s  d u r i n g  t h e  f l i g h t s  
would be  from t h e  southwest  o r  t h e  n o r t h .  Presumably we c o u l d  
s e t  up two f l i n h t  r o u t e s  based  o n - t h e s e  two p o s s i b i l i t i e s  and 
l a y - o u t - a  f l i g h t  p l a n  f o r  each  t h a t  p r e c l u d e s  low l e v e l  f l i g h t  
ove r  t h e s e  popula ted  a r e a s .  
4 .1 .3  C A L I F G R N I A  CENTRAL VALLEY EXPERIMENT (Ref.  Fig. 4 . 2 )  
The o b j e c t i v e  o f  t h i s  exper iment  i s  t o  i n v e s t i g a t e  t h e  
s p a t i a l  and tempora l  v a r i a t i o n  o f  t h e  boundary l a y e r  wind 
f low p a t t e r n s  i n  the C a l i f o r n i a  C e n t r a l  V a l l e y ,  examine t h e  
d e t a i l e d  flow p a t t e r n s  i n  t h e  v i c i n i t y  o f  a g r i c u l t u r a l - b u r n i n g  
smoke plumes,  and t h e  l o c a l  f low n e a r  t h e  Geysers geothermal  

































































































































































































































































































































































































t h e  C a l i f o r n i a  C e n t r a l  Val ley  n e a r  t h e  t o p  of  t h e  mixed 
l a y e r  (approximate ly  610 m (2000 f t ) .  The f l i g h t  would t a k e  p l a c e  
from noon through evening .  The CV-990 would e n t e r  t h e  
C e n t r a l  Va l l ey  ove r  Ren ic i a  and fly sou theas tward  between 
Tracy and S tockton  ( a l t i t u d e  -610 m (2000 f t )  ) , p a s s  j u s t  west  o f  
t h e  Lemaor N.A.S. a i r p o r t  t r a f f i c  a r e a  t o  t h e  T a f t  i n t e r -  
s e c t i o n  o f  V-183 and V-137; t u r n  NNE t o  P o r t e r v i l l e  omni 
t h e n  NNW fo l lowing  V-165 b u t  remain ing  e a s t  o f  Fresno A i r  
Termina l .  From t h e r e  head west  o f  f o o t h i l l s  b u t  e a s t  o f  US 99 
t o  Re? S l u f f  and t h e n  r e t u r n  a long  w e s t s i d e  of v a l l e y  t o  
B e r e c i a .  
The n a t u r e  of t h e  f l aw  i n t o  t h e  C e n t r a l  Va l l ey  i s  
an impor tan t  a p p l i e d  meteorology problem o f  g r e a t  i n t e r e s t  
t o  people  concerned w i t h  t h e  s t r u c t u r e  o f  t h e  a tmospher ic  
boundary l a y e r .  Dr. John C a r r o l l  o f  t h e  U n i v e r s i t y  o f  
C a l i f o r n i a ,  Davis (UC/Davis) w i l l  s u p p o r t  t h e s e  t e s t s .  
4.1.4 SAN GORGON10 PASS EXPERIMENTS 
The o b j e c t i v e s  o f  t h i s  exper iment  a r e  twofo ld ,  namely 
1 )  t o  a c q u r i e  ground t r u t h  d a t a  f o r  t h e  i n t e r compar i son  w i t h  
concur ren t  DLS meqsurements and 2 )  t o  a c q u i r e  fundamental  
d a t a  on flow through t h e  San Gorgonio Pass f o r  u s e  i n  
assessment  o f  t h e  flow through t h e  pas s  f o r  wind energy  app- 
l i c a t i o n s .  The f l i g h t  p l a n  f o r  t h e  DLS/CV-990 San Gorgonio 



























































































































































































































































































































































































































CROSS-SECTION V lEW OF SAN GORGON10 TEST 
/ DOPPLER LlDAR BEAM 
SIDE VIEW 
1. GROUND TRUTH DATA IN TH5 FORM 
OF WIND OBSERVATIONS ACQUIRED 
WITH ANEMOMETERS ON TOWERS 
WILL BE AVAILABLE 
2. RECORD FILM OR VIDEO TAPE 




F IG  URE 4-4. 
San Gorgonio Pass i s  approximate ly  40 km (25  m i l e s )  
l o n g  w i t h  a w e s t e r l y  e l e v a t i o n  o f  approximate ly  760 a 
(2550 f t )  g r a d u a l l y  d ropp ing  t o  an  e l e v a t i o n  o f  app rox i -  
mate ly  200 m (700 f t ) .  The wid th  o f  t h e  p a s s  i s  g e n e r a l l y  
approximate ly  8 km (5 m i l e s )  [ a t  a c o n t o u r  approximate ly  
300 m (1000 f t )  above t h e  p a s s  f l o o r ] .  On t h e  e a s t  end 
t h e  p a s s  q u i c k l y  broadens and becomes an open d e s e r t  f l o o r .  
The mountain r i s e s  t o  approximate ly  3350 km (11,000 f t )  
w i t h i n  16 t o  24  km (10-15 m i l e s )  on each s i d e  o f  t h e  v a l l e y  
f l o o r .  
The r eg ion  o f  i n t e r e s t  c o n s i s t s  o f  t h e  e a s t e r l y  8 km 
( 5  m i l e s )  o f  t h e  pass  and t h e  a d j o i n i n g  16  km (10 m l l e s )  
o f  d e s e r t  v a l l e y  f l o o r .  The v a l l e y  f l o o r  a r e a  t o  be 
a s s e s s e d  i s  roughly  16 km (10 m i l e s )  i n  t h e  e z s t - w e s t  
d i r e c t i g n  by 24 km (15 m i l e s )  i n  t h e  n o r t h - s o u t h  d i r e c t i o n .  
The p a s s  a r e a  t o  b e  a s s e s s e d  i s  roughly  8 km i n  t h e  e a s t -  
west  d i r e c t i o n  and 8 km i n  t h e  n o r t h - s o u t h  d i r e c t i o n .  
A n t i c i p a t e d  f l i g h t  p a t h s  shou ld  b e  a t  approximate ly  100 m 
(-330 f t ) ,  300 m (-1000 f t ) ,  500 m (-1600 f t ) ,  and 1500 m 
(-5000 f t )  above g rade  l e v e l  over  t h e  v a l l e y  and w i t h  t h e  
p o t e n t i a l  a d d i t i o n  of  a 1000 m (-3000 f t )  e l e v a t i o n  t a k e n  
i n  t h e  p a s s  ( s e e  F i g c r e  4 -3 ) .  
A t  t h e  expec ted  t e s t  p e r i o d  t h e  f o l l o w i n g  m e t e o r o l o g i c a l  
d a t a  s t a t i o n s  w i l l  be o p e r a t i n g  and t h e  d a t a  w i l l  b e  a v a i l -  
a b l e  f o r  t h e  t e s t  program: 
a. One 100 m (330 f t )  t ower ,  4 levels o f  i n s t r u n e n t a t i o n  
b .  One 50 m (160 f t )  t ower ,  3 l e v e l s  o f  i n s t r u m e n t a t i o n  
c. Approximately twelve  10 m (33  f t )  towers  w i t h  i n s t r u -  
ments a t  10 m l e v e l  on ly .  
These d a t a  s t a t i o n s  w i l l  be  l o c a t e d  i n  t h e  p a s s  and 
w i l l  be  a t  h e i g h t s  s o  a s  t o  be a v a i l a b l e  f o r  a c q u i r i n g  
"graund t r u t h "  d a t a  t o  compare w i t h  t h e  DLS. The anemometer 
a r r a y  i s  ope ra t ed  by t h e  Southern  C a l i f o r n i a  Edison Company. 
D r .  Will iam C .  C l i f f  o f  t h e  B a t t e l l e  P a c i f i c  Northwest 
L a b o r a t o r i e s  w i l l  s uppor t  t h e s e  t e s t s .  
4 . 2  OKLAHOMA TESTS - NSSL 
Thc pr imary r ea son  f o r  conduct ing  t h e  exper iments  i n  
c e n t r a l  Oklahoma i s  t o  combine t h e  a i r b o r n e  Doppler l i d a r  
o b s e r v a t i o n s  w i t h  o b s e r v a t i o n s  of c l e a r  and stormy a i r  
made w i t h  NSSL's d u a l  10 cm Doppler r a d a r ,  a  t a l l  (500 m) 
m e t e o r o l o g i c a l l y  ins t rumented  tower and rawinsondes.  It 
i s  expec ted  t h a t  t h i s  unique combinat ion of  o b s e r v a t i o n s  
w i l l  advance o u r  knowledge of  s e v e r e  s t o r m  phenomena and 
i t s  f o r e c a s t .  Accordingly,  a l l  t h e  f l i g h t  o p e r a t i o n s  w i l l  
b e  conducted s o  t h a t  t h e r e  i s  t h e  maximum p o s s i b l e  c o o r d i -  
n a t i o n  wi th  NSSL. 
I t  i s  a n t i c i p a t e d  t h a t  t h e r e  w i l l  be 1 7  hours  o f  
f l i g h t  t ime a v a i l a b l e  f o r  o p e r a t i o n s  a t  NSSL. The a i r -  
c r a f t  w i l l  be s t a t i o n e d  (Tinker  AFB) , very  c l o s e  t o  NSSL, 
s o  t h e r e  w i l l  be  no f e r r y  de lay .  The a i r c r a f t  o p e r a t i o n a l  
l i m i t a t i o n s  have been d e t a i l e d  i n  t h e  CCOPE F l i g h t  P lans  
document and w i l l  no t  be repea ted  h e r e .  The l i m i t a t i o n s  
should not  compromise any o f  t h e  f l i g h t  p l ans  g iven  below. 
The f l i g h t  p l a n s  below can be s e p a r a t e d  i n t o  two 
gene ra l  c l a s s e s  1)  measurements t h a t  can  c e r t a i n l y  be 
made and compared w i t h  t h e  NSSL r a d a r s ,  i . e . ,  convect ion  
i n  t h e  a f t e rnoon  boundary Payer;  2 )  measurements t h a t  can  
only be made i f  t h e  weather  i s  f a v o r a b l e ,  i ; e . ,  n i g h t t i m e  
boundary l a y e r  and low- leve l  j e t ,  p res torm,  developing 
and mature cumulus, gus t  f r o n t s .  We w i l l ,  t h e r e f o r e ,  want 
t o  accomplish t h e  f i r s t  group of experiments  immediately 
on a r r i v a l  a t  NSSL and then  w a i t  f o r  f a v o r a b l e  c o n d i t i o n s  
f o r  t h e  second c l a s s  of  experiments .  The o r d e r ,  of c o u r s e ,  
might be r eve r sed  i f  t h e  more i n t e r e s t i n g  weather  occurred  
t h e  f i r s t  day. 
Locat ions of a i r c r a f t  and f l i g h t  a l t i t u d e s  a r e  
s u b j e c t  t o  approval by t h e  FAA and a r e  l i s t e d  h e r e  t o  guide 
our r e q u e s t  f o r  f l i g h t  c l e a r a n c e  p r i o r  t o  t h e  e x e c u t i o n  
of t h e  experiment.  Thus t h e s e  p lans  a r e  no t  n e c e s s a r i l y  
r i g i d  and some adjus tments  can  be made wi thou t  compromising 
t h e  s c i e n t i f i c  o b j e c t i v e s .  
4 .2.1 HIGH RESOLUTION INTERCOMPARISON 
This  expe r i aen t  w i l l  p rovide  a  comparison of l i d a r  
o b s e r v a t i o n s  w i t h  t h e  h i g h e s t  r e s o l u t i o n  a c h i e v a b l e  w i t h  
t h e  Doppler r a d a r .  In t h i s  c a s e  ( s e e  F igure  4-5) t h e  
r a d a r  beam i s  h e l d  f i x e d  and t h e  a i r c r a f t  flown s o  t h a t  t h e  
f i r s t  few range g a t e s  of  t h e  l i d a r  i n t e r c e p t  t h e  r a d a r  beam. 
The a i r c r a f t  i s  flown toward t h e  a i r p o r t  l o c a t e d  c l o s e  (- 1 km) 
t o  t h e  r a d a r  an tenna ,  s o  t h a t  t h e  b e s t  p o s s i b l e  r e s o l u t i o n  i s  
ob ta ined  from t h e  r a d a r  t o  compare w i t h  one component of  t h e  
1 i da r -de r ived  wind. O p e r a t i o n a l l y ,  t h e  f l i g h t  shou ld  be 
s t r a i g h t f o r w a r d  because i t  c o n s i s t s  of  f l y i n g  a  s imula ted  
l and ing  a t  Max Westheimer F i e l d  on e i t h e r  of two p o s s i b l e  
approaches.  A 3' g l i d e  s l o p e  approach i s  recommended and 
r a d a r  azimtuh ang le  (I w i l l  be s e l e c t e d  s o  t h a t  (1) t h e  
r a d a r  beam i s  i n  a  range where l i d a r  r e t u r n s  can  b e  d e t e c t e d  
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and ( 2 )  ground c l u t t e r  r e t u r n  a l l o w s  measurement t o  t h e  
n e a r e s t  r ange  o f  measurement (- 5 km). It i s  d e s i r a b l e  
t o  keep t h e  beam a s  n e a r l y  p a r a l l e l  t o  t h e  approach p a t h  
s o  t h a t  t h e  l i d a r  beam i n t e r s e c t s  t h e  r a d a r  beam a long  t h e  
e n t i r e  p a t h .  A t  a  10 km range  t h e  r a d a r ' s  r e s o l l l t i o n  volume 
i s  almost  symmetr ical  w i t h  a  dimension o f  about  150 m. A 
comparison o f  Doppler r a d a r  r a d i a l  v e l o c i t i e s  and in s i t u  
wind component l o n g i t u d i n a l  t o  an a i r c r a f t  f l y i n g  p a r a l l e l  
t o  t h e  r a d a r  beam i s  shown i n  F igu re  4 - 6 .  
4 . 2 . 2  BOUNDARY LAYER MEAN FLOW, TURBULENCE, AND WAVES 
In a d d i t i o n  t o  p rov id ing  d a t a  f o r  comparison o f  l i d a r  
and r a d a r  measurements,  t h i s  exper iment  w i l l  expose t h e  
f o u r  d imens iona l  ( space  and t ime)  s t r u c t u r e  o f  t u r b u l e n c e  and 
waves i n  t h e  boundary l a y e r  The a i r c r a f t  w i l l  a l s o  p rov ide  
d a t a  on t h e  v e r t i c a l  p r o f i l e s  o f  mean wind, t empera tu re  and 
humidi ty .  There i s  bo th  a  day and n i g h t t i m e  exper iment .  The 
dayt ime experiment  w i l l  t a k e  p l a c e  mid -a f t e rnoon  on sunny days  
d u r i n g  which t ime convec t ion  shou ld  be  v igo rous .  We w i l l  
a l s o  a t t empt  t o  make measurements t h a t  might  expose t h e  
"heat  i s l a n d "  e f f e c t  of  Oklahoma C i t y .  The n i g h t t i m e  f l i g h t  
i s  t o  g a t h e r  d a t a  on t h e  n o c t u r n a l  j e t  which is  o f t e n  
r e spo r l s ib l e  f o r  t h e  r a p i d  development o f  m o i s t u r e  i n  t h e  Great  
P l a i n s .  Radar d e p i c t i o n  o f  t u r b u l e n c e  and waves i s  b e s t  i n  
a  50 km by 50 km a r e a  ce ; i t e red  abou t  t h e  i n t e r s e c t i o n  o f  S t a t e  
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Highway 9 and 81 ( see  F igu re  4- 7) n e a r  Chickasha ,  Oklahoma. 
F igu re  4-8 shows t h e  f l i g h t  p a t h s  f o r  u s e  i n  t h e s e  boundary 
l a y e r  exper iments  d e s c r i b e d  below. 
4 . 2 . 2 . 1  CONVECTIVE BOUNDARY LAYER EXPERIMENT 
This  experiment w i l l  b e  conducted d u r i n g  sunny a f t e r n o o n  
c o n d i t i o n s  when r a d a r  shows d e t e c t a b l e  t a r g e t s  t o  a t  l e a s t  a  
7 0  km range  and t o  h e i g h t s  o f  about  1 km o r  more. F igu re  4 -8  
shows t h e  f l i g h t  p a t h s  t o  be  fo l lowed by t h e  a i r c r a f t  w h i l e  
bo th  t h e  NRO and CIM Doppler r a d a r s  s c a n  t h e  volume common 
t o  bo th  r a d a r s  and a i r c r a f t .  The p a t h  shown i n  F igu re  4 - 8  
can b e  moved s e v e r a l  k i l o m e t e r s  i f  a i r  t r a f f i c  w i l l  n o t  a l l o w  
f l i g h t s  about  Chickasha,  Oklahoma. The a i r c r a f t  s h o u l d  e n t e r  
a t  t h e  h i g h e s t  a l t i t u d e  a t  which t h e  r a d a r  i s  rece , iv ing  echoes 
over  l a r g e  a r e a s  w i t h i n t h e  d u a l  Doppler a r e a  (F igu re  4 - 7 ) ,  o r  
s l i g h t l y  h i g h e r  t h a n  t h e  i n v e r s i o n  h e i g h t  (F igu re  4 -7 )  and t h e n ,  
a f t e r  complet ing t h e  c i r c u i t ,  i t  shou ld  descend by about  250 m. 
The p r e c i s e  a l t i t u d e s  and s e p a r a t i o n s  a r e  n o t  c r i t i c a l  t o  t h e  
exper iment ,  but  t h e  p i l o t  shou ld  f l y  each  c i r c u i t  a t  a  l e v e l  
t h a t  i s  c o n s t a n t  t o  w i t h i n  t h e  t o l e r a n c e s  a l lowed by  t h e  a i r c r a f t ,  
wea ther  and a i r  t r a f f i c  c o n t r o l l e r s .  A descending  p a t t e r n  o f  
c i r c u i t s  is p r e f e r r e d  i f  i t  d e c r e a s e s  n o i s e  a t  t h e  ground. 
The a i r c r a f t  shou ld  descend t o  t h e  lowes t  l e v e l  a l lowed by 
r e g u l a t i o n  and t h e  a i r  t r a f f i c  c o n t r o l l e r s .  
FIGURE. 4.7 TOPOGRAPHIC M A P  SHOWlNG LOCATlON OF THE 
DUAL DOPPLER RADARS (NRO, C l M )  I N  CENTRAL 
OKLAHOMA. CONTOURS ARE HEIGHT OF GROUND 
ABOVE MSL I N  FEET. A 500m METEOR0U)GICALLY 
INSTRUMENTED (KTVY) TOWER I S  3 5 6 ' ~ ~  37 km, 
AND THE RAWINSONDE SITE 1S 230°AT 100 km 
FROM NRO. THE BOX AREA APPROXIMATES THE 
LOCAT ION OF THE BOUNDARY LAYER EXPER IMENT 
AND ITS ORIENTATION WILL BE APPROXIMATELY 



























































































































































































Each c i r c u i t  shou ld  t a k e  about  1 3  minutes  o f  f l i g h t  
t i m e  and assuming t h a t  8 l e v e l s  a r e  f lown,  t h e  t o t a l  t i n e  f o r  
t h i s  exper iment  w i l l  be about  one hour  and 4 5  minu te s .  A t  
t h e  comple t ion  o f  t h i s  exper iment  t h e  l i f e t i m e  experiment  
d e s c r i b e d  below can  t h e n  b e  execu ted .  
4 . 2 . 2 . 2  TURBULENCE LIFETIME EXPERIMENT 
The f l i g h t  c i r c u i t s  d e p i c t e d  i n  F i g u r e  1 - 8  w i l l  a l s o  
b e  used i n  t h i s  exper iment  except  now t h e  a i r c r a f t  w i l l  f l y  
at. one a l t i t u d e  and t h i s  w i l l  be t h e  h i g h e s t  one a t  which 
t h e  r a d a r  can d e t e c t  echoes over  a  l a r g e  h o r i z o n t a l  r e g i o n .  
Radar d a t a  c o l l e c t e d  on p r e v i o u s  occas ions  i n d i c a t e  t h e r e  
i s  a  h i g h  deg ree  of  temporal  coherence  ( l i f e t i m e s  o f  t h e  o r d e r  
o f  t e n s  o f  minutes )  f o r  t h e  r e s o l v e d  s c a l e s  ( >  - 1 km). Accord- 
i n g l y ,  a t  one a l t i t u d e  3 o r  4 e n t i r e  c i r c u i t s  should  b e  made 
t o  s e e  t h e  decay o f  u rbu lence .  (Four c i l c u i t s  t a k e s  52 min. 
and  t h e  advec t ion  t ime f o r  t h e  4 5  km l o n g  s t r i p  shown i n  
F igure  4-8 i s  7 5  min. f o r  a  wind speed o f  10 m s e c - l . )  I f  t h i s  
r e l a t i v e l y  h igh  tempora l  coherence  i s  ma in t a ined  d u r i n g  t h e s e  
expe r imen t s ,  t h e n  t h e  wind. f i e l d  mapped by the DLS on one p a s s  
can  be  compared t o  t h e  wind f i e l d  it  maps on t h e  second p a s s .  
In  o t h e r  words,  t h e  f i e l d s  shou ld  be s e l f  c o n s i s t e n t  f o r  
s c a l e s  l a r g e r  t han  1 km. 
I t ' s  expec ted  t h a t  about  3 hours  o f  f l i g h t  t ime  w i l l  be  
used by exper iments  d e s c r i b e d  i n  S e c t i o n s  4 .2 .2 .1  and 4 . 2 . 2 . 2 .  
4.2 .2 .3  NCCTURNAL JET EXPERIMENT 
In t h e  even t  t h a t  t h e r e  i s  a h i g h  p r o b a b i l i t y  o f  occu r rence  
o f  a  l o w - l e v e l  j e t ,  o r  s i g n i f i c a n t  boundary l a y e r  winds a f t e r  
s u n s e t ,  one l a t e  n i g h t  f l i g h t  shou ld  b e  made. The f l i g h t  . 
p l a n  i s  a l s o  g iven  i n  F igu re  4-8.  The f l i g h t  l e v e l s  b r a c k e t  
t h e  l e v e l  o f  maximum speed i n  t h e  c a s e  o f  a  j e t ,  o r  t h e  i n -  
v e r s i o n  l a y e r  when no j e t  is p r e s e n t .  The f l i g h t  shou ld  
commence an hour  b e f o r e  dawn and c o n t i n u e  u n t i l  an hour  p a s t  
dawn. The p a t t e r n  w i l l  b e  r epea red  d u r i n g  t h a t  t ime .  The 
ob ta ined  DLS d a t a  can be compared w i t h  bo th  t h e  r a d a r  dat-a  
i f  t a r g e t s  a r e  s u f f i c i e n t l y  s t r o n g  o r  t h a t  o b t a i n e d  from t h e  
ins t rumented  500 m tower i n  Oklahoma C i t y .  Radar r e t u r n s  
w i l l  n o t  be  a s  s t r o n g  o r  a s  e x t e n s i v e  a s  t h o s e  o b t a i n e d  
d u r i n g  a f t e rnoon  thermal  convec t ion .  
4 .2 .2 .4  HEAT ISLAND EXPERIMNT 
Th i s  exper iment  should  b e  conducted d u r i n g  d a y l i g h t  
hours  when winds a r e  from t h e  southwest  o r  n o r t h e a s t .  The 
a i r c r a f t  w i l l  sample t h e  a i r  a s  i n  t h e  experiment  d e s c r i b e d  
i n  4 .2 .2 .1  and hence  t h a t  exper iment  may be  p a r t  of  t h i s  one 
i f  winds a r e  d i r e c t e d  perpendicula:: t o  t h e  b a s e l i n e  connec t ing  
t h e  two r a d a r s .  The added f e a t u r e  i n  t h i s  exper iment  r e q u i r e s  
samples of wind on t h e  n o r t h e a s t  s i d e  o f  Oklahoma C;.ty, n o r t h  
of t h e  KT\Y tower which i s  354O/3!) km from t h e  NRO Doppler .  
A t  t h e  c o n c l u s i o n  of  t h e  f l i g h t  p l an  d e s c r i b e d  i n  4 . 2 . 2 . 1 ,  
t h e  a i r c r a f t  shou ld  make a  f l y b y  n o r t h  o f  t h e  tower a t  an 
a l t i t u d e  o f  about  1900 n ( s e e  F igu re  4 - 9 j  and i f  p o s s i b l e  
r e t u r n  a long  t h e  same p a t h  a t  lower  a l t i t u d e  (SO0 m]. If  
o t h e r  f l i g h t s  a r e  p o s s i b l e  a t  h i g h e r  z l t i t u d e s  [ e .g .  1500 
t o  2000 m) t h e n  t h e s e  shou ld  b e  performed. Temperature ,  
humidi ty ,  and wind a s  w e l l  a s  nowsekeeping d a t a  should  be 
r eco rded  on t h i s  f l i g h t  l e g .  The a i r c r a f t  shou ld  come a s  
c l o s e  t o  t h e  c i t y  a s  a l lowed by F.U c o n t r o l l e r s  and con- 
s i d e r a t  ion of n o i s e  and tower o b s t a c l e s .  
4 . 2 . 3  PRESTON 
In  t h e  even t  t h a t  cumulus a c t i v i t y  i s  f o r e c a s t ,  t h e  
f o l l o w i n g  f l i g h t  p l a n  sequence shou ld  b e  i n i t i a t e d .  
1) Based on a s u i t a b l e  f o r e c a s t ,  t h e  a i r c r a f t  and 
DLS system w i l l  b e  p l a c e d  on a l e r t .  
2)  As soon a s  any i n d i c a t i o n  o f  i n c r e a s i n g  convec t ion  
i s  seen  by t h e  r a d a r  o r  s a t e l l i t e ,  t h e  f l i g h t  s h c u l d  be 
i n i t i a t e d .  
4 .2 .3 .1  FRONTAL ZONES AND CLOUD L I N E  EXPERIMENT 
These f r o n t s  o f t e n  m v e  i n t o  nor thwes t  Oklahoma o r  
wes t e rn  Kagsas d u r i n g  June  and a t  t h i s  t ime  o f  t h e  y e a r  a r e  
i n  c l e a r  a i r  d u r i n g  t h e  l z t e  morning o r  e a r l y  a f t e r n o o n .  
DLS and r a d a r  s cans  a c r o s s  t h e  f r o n t a l  zone w i i l  y i e l d  
i n fo rma t ion  a long  t h e  f r o n t  i f  t h e  a i r c r a f t  f l i e s  a s  shown 
i n  F igu re  4-10. I f  c louds  a r e  n o t  p r e s e n t ,  f l i g h t s  a l t i t u d e s  
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w i l l  b e  approximate ly  500 m o r  t h e  lowes t  l e v e l  t h a t  
c l e a r a n c e  can b e  o b t a i n e d  from t h e  FAA c o n t r o l l e r  and 500 m 
above t h a t  l e v e l .  If c louds  a r e  p r e s e n t ,  t h e n  t h e  CV-990 shou ld  
b e  flown a t  t h e  t h r e e  a l t i t u d e s  s u g g e s t e d  i n  F igu re  4-10. 
4.2.3.2 DRYL INE - FRONT INTERSECTION EXPERIMENT 
Sometimes t h i s  " t r i p l e  p o i n t "  i n t e r s e c t i o n  i s  seen  by 
r a d a r  and i f  t h e  r a d a r  o b s e r v a t i o n s ,  s u r f a c e  o r  s a t e l l i t e  
o b s e r v a t i o n s  s u g g e s t  a  d r y l i n e  - f r o n t  w i t h i n  120 km o f  
Norman, t h e  f l i g h t  p l a n  w i l l  be a s  d e p i c t e d  i n  F igure  4-11. 
These d r y l i n e - f r o n t  i n t e r s e c t i o n s  a r e  o f t e n  found i n  Oklahoma 
i n  June .  The f l i g h t  a l t i t u d e s  w i l l  be s e l e c t e d  u s i n g  t h e  
same procedure  fol lowed f r o n t a l  zones d e s c r i b e d  i n  S e c t i o n  4.2 .3 .1 .  
4.2.4 CUMULONIMBUS EXPERIMENTS 
I f  cumulus c louds  mature  t o  t h e  conges tus  s t a g e  and 
e v e n t u a l l y  become thunders torms  t h e n  t h e r e  a r e  f i v e  exper iments  
t h a t  c a n  b e  a t t empted :  (1) l a t e r a l  e n t r a i n m e n t ,  (2) c loud  t o p  
t u r r e t s ,  (3)  a n v i l  clollds, (4)  gus t  f r o n t ,  and (5)  f l a n k i n g  
c l o u d  expe r imen t s .  I n  each o f  t h e s e  exper iments  t h e  a i r c r a f t  
w i l l  be  gu ided  t o  t h e  a r e a  o f  i n t e r e s t  based  on i n f o r m a t i o n  from 
ground o b s e r v a t i o n s  w i t h  Doppler r a d a r ,  o r  v i s u a l  o b s e r v a t i o n s  
by s c i e n t i s t s  onboard t h e  CV-990. Once r e a c h i n g  t h e  a r e a  and 
a l t i t u d e  of  i n t e r e s t ,  t h e  a i r c r a f t  w i l l  a l s o  be  guided by a i r b o r n e  
r a d a r  t o  s t a y  ou t  o f  r e g i o n s  o f  s to rm p r e c i p i t a t i o n  f o l l o w i n g  
FAA g u i d e l i n e s .  
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The e n t i r e  t ime  between pres torm and thunders torm 
development should  l a s t  approximately a s  long  as t h e  maximum 
CV-990 t e s t  d u r a t i o n  t ime (5 t o  6 h o u r s ) .  Thus, i f  weather  con- 
d i t i o n s  were j u s t  r i g h t ,  it would be  p o s s i b l e  t o  complete two 
e n t i r e  cumulonimbus f l i g h t s  c o n s i s t i n g  o f  t h e  v a r i o u s  p a r t s  
g iven  above. Two such f l i g h t s ,  t o g e t h e r  w i t h  t h e  boundary 
l a y e r  convect ion  and n i g h t t i m e  boundary l a y e r  f l i g h t s ,  wculd 
exhaus t  t h e  f l i g h t  t ime a v a i l a b l e .  I t  i s  l i k e l y  t h a t  a t  
l e a s t  one f a l s e s t a r t  i n t o  seemingly pres torm c o n d i t i o n s  
wi thou t  subsequent  curnulonumbus c louds  w i l l  occur .  The 
frequency o f  occurrence  f o r  thunders torm i n  J u l y  i n  C e n t r a l  
Oklahoma i s  very  low. Hopeful ly ,  f a l s e s t a r t s  can be  t e rmi -  
n a t e d  b e f o r e t o o  much a i r c r a f t  t ime is used. However, t hey  
w i l l  s e r v e  t h e  u s e f u l  purpose o f  comparison w i t h  t h e  p r e -  
s torm c o n d i t i o n s  t h a t  do l e a d  t o  thuaders torms.  
4.2.4.1 LATERAL ENTRAINMENT EXPERIMENT 
In t h i s  c a s e  squa re  boxes should  he flown a t  mid-cloud 
h e i g h t  around e a r l y  o r  mature convect ive  s torms a s  shown i n  
F igure  4-17 f o r  CCOPE wi thout  c h a f f  r e l z a s e .  The p a t t e r n  
should  be  c l o s e  enough t o  t h e  cloud s o  t h a t  t h e  l j d a r  s i g n a l  
is s t r o n g  r i g h t  up t o  c loud  edge. The r a d a r  w i l l  be  used t o  
volume sczn  t h e  s torm t o  o b t a i n  complementary measures o f  
mixing. I f  c loud development c o n t i n u e s ,  t h e  f l i g h t  should 
proceed upwards t o  t h e  nex t  phases - -  t u r r e t  t o p  measurements 
and t h e  anvi l c loud  s tudy .  
4.2.4.2 CLOUD TOP TURRET EXPERIMENT 
In  t h i s  experiment t h e  motion of  t h e  convec t ive  c loud  
s u r f a c e  a t  t h e  t o p  and s i d e s  o f  c loud  t u r r e t s  w i l l  be  measured. 
The f l i g h t  p l an  c o n s i s t s  o f  a c i r c u l a r  f l i g h t  pa th  above t h e  
t u r r e t ,  as  shown i n  F igure  4-20. The Doppler l i d a r  w i l l  
p rovide  l i n e - o f - s i g h t  v e l o c i t y  measurements a t  300 m long  
cont iguous  range b i n s  i n  t h e  c l o u d - f r e e  r eg ion  between t h e  
c loud  and t h e  a i r c r a f t ,  and p o s s i b l y  a  s h o r t  d i s t a n c e  i n t o  t h e  
c loud.  Radar measurements w i l l  complement t h i s  d a t a .  The 
f l i g h t  w i l l  be cont inued  f o r  a t  l e a s t  one complete c i r c u i t  
around t h e  t u r r e t .  Add i t iona l  t u r r e t  f l i g h t s  w i l l  be s t a r t e d  
u n t i l  c loud development has  proceeded f a r  enough s o  t h a t - t h e  
a n v i l  c loud s t u d y  o r  gus t  f r o n t  measurements can be  s t a r t e d .  
4 .2.4.3 ANVIL CLOUD EXPEIRMENT 
This  f l i g h t  c o n s i s t s  o f  r e c t a n g l e s  o r i e n t e d  s o  t h a t  t h e  
long  s i d e  i s  p a r a l l e l  t o  t h e  a n v i l  and i s  shown i n  F igure  
4-18. The l i d a r  w i l l  be  used t o  o b t a i n  h o r i z o n t a l  wind f i e l d  
measurements. Concurrent measurements of  wind f i e l d s  i n  and 
about t h e  a n v i l  c loud w i l l  b e  made by t h e  r a d a r s .  Radar 
r e t u r n s  from a n v i l  r eg ions  depend mainly on t h e  s i z e  o f  t h e  
s c a t t e r e r s  t h a t  a r e  p r e s e n t .  The r a d a r  d a t a ,  t h e r e f o r e ,  w i l l  
e i t h e r  be  complementary o r  comparable w i t h  t h a t  ob ta ined  by 
t h e  l i d a r .  
The a n v i l  c loud f l i g h t  w i l l  proceed u n t i l  t h e  f l i g h t  
t ime i s  exhaus ted ,  darkness  i n t e r f e r e s ,  o r  a g u s t  f r o n t  i s  
observed.  
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4.2.4.4 GUST FRONT EXPERIMENT 
The format ion  of  a  thunders torm g u s t  f r o n t  w i t h i n  t h e  
r a d a r  measurement a r e a  would p r e s e n t  a  superb o p p o r t u n i t y  f o r  
t h e  l i d a r  system. The a i r c r a f t  c o u l d  be d i r e c t e d  t o  
t h e  most promising a r e a s ,  based on t h e  c l e a r - a i r  r a d a r  r e t u r n s .  
The f l i g h t  p a t t e r n  would be  shown i n  F igure  4-12, and a t  t h e  
a l t i t u d e  and p o s i t i o n  i n d i c a t e d  by t h e  r a d a r  r e t u r n s  o r  
v i s u a l  obse rva t ion .  A s  i n  t h e  pres torm c a s e ,  t h e  a i r c r a f t  
w i l l  be d i r e c t e d  by t h e  FAA c o n t r o l l e r  and t h e  t a r g e t e d  s torm 
chosen by t h e  s c i e n c e  team. The f l i g h t  l e g  n e a r e s t  t h e  
s torm w i l l  be flown only  i f  a l lowed by FAA f l i g h t  p i d e l i n e s .  
I t  i s  a n t i c i p a t e d  t h a t  a  gus t  f r o n t ,  once formed, would l a s t  
long  enough f o r  t h e  a i r c r a f t  t o  descend t o  t h e  p rope r  a l t i t u d e .  
4.2.4.5 FLANKING LINE EXPERIMENT 
A f t e r  t h e  g u s t  f r o n t  experiment  t h e  f l a n k i n g  l i n e  e x p e r i -  
ment w i l l  b e  performed i f  p e r m i t t e d  by a i r c r a f t  s a f e t y  cons ide ra -  
tions. The f l i g h t  pa th  c o n s i s t s  o f  a  r a c e t r a c k  p a t t e r n  approx i -  
mately 200 m below c loud base .  The f l i g h t  p a t h  is  d e p i c t e d  
i n  F igure  4-12 and i s  s i m i l a r  t o  t h e  c loud l i n e / f r o n t a l  zone 
experiment  d e p i c t e d  i n  F igure  4-10. 
4.3 MONTANA TESTS - CCOPE 
This  s e c t i o n  provides  d e s c r i p t i o n s  f o r  t n e  DLS CV-990 
t e s t s  planned f o r  performance i n  con junc t ion  w i t h  CCOPE. 
Table 4 - 1  provides  a  l i s t i n g  o f  t h e  DLS/CV-990 t e s t s  t o  be  
performed a t  CCOPE. Each t e s t  i s  c l a s s i f i e d  according  t o  
t h e  p o r t i o n  of  CCOPE t h e  t e s t  i s  t o  perform, i . e .  p re s to rm,  





































































































































































































































































































































































































































































































































































Boundary Layer Turbulence Experiment 
Feeder Flow Experiment 
L a t e r a l  Entrainment Experiment 
Anvil Cloud Experiment 
Gust Front  Experiment 




To f a c i l i t a t e  t h e  p r e f l i g h t  p lanning  of  DLS/CV-990 t e s t s  
w i th  CCOPE a member o f  t h e  DLS s c i e n c e  team w i l l  be  s t a t i o n e d  
a t  CCOPE Headquarters  a t  Miles  C i t y ,  Kontana. Th i s  i n d i v i d u a l  
w i l l  c o o r d i n a t e  DLS/CV-990 t e s t s  w i th  t h e  CCOPE team and 
t h e  DLS s c i e n c e  team and w i l l  p a r t i c i p a t e  in p r e f l i g h t  t e l e -  
phone conferences  t , ,deen CCOPE and t h e  DLS/CV-990 teams. 
A FM t r a n s m i t t e r / r e c e i v e r  t o  be provided by CCOPE f o r  i n -  
s t a l l a t i o n  i n  t h e  CV-990 w i l l  permit  comrnunicstions between 
t h e  CCOPE c o n t r o l  c e n t e r  and t h e  CV-990. This  r e c e i v e ,  
w i l l  be  l o c a t e d  i n  t h e  CV-990 miss ion  manager 's  conso le .  
This  communication l i n k  w i l l  permi t  i n f l i g h t  c o o r d i n a t i o n  
between t h e  CCOPE and CV-990/DLS s c i e n c e  teams. I t  i s  ex-  
pec ted  t h a t  t h e  DLS team member l o c a t e d  a t  Miles C i ty  w i l l  
p l ay  a key r o l e  i n  t h i s  communications l i n k  between t h e  
CV-990 and t h e  CCOPE o p e r a t i o n s  c e n t e r .  
Below 2 . 1  km (7000 f t  MSL) t h e  CV-990 w i l l  r e q u i r e  VFR/VMC 
f l i g h t  c o n d i t i o n s  a t  CCOPE. Th i s  c o n s t r a i n t  r e s u l t s  from t h e  i n -  
a b i l i t y  f o r  a i r c r a f t  t o  b e  d e t e c t e d  by r a d a r  7.t t h e  S a l ;  Lake 
C i ty  FAA F l i g h t  Center .  Above 2 . 1  km 17000 f t )  t h e  CV-990 w i l l  
f l y  under IFR f l i g h t  r u l e s .  
4 .3 .1  BOUNDARY LAYER TURBULENCE EXPERIMENT 
The o b j e c t i v e  of  t h i s  experiment i s  t o  (1) v e r i f y  t h e  
MSFC Doppler l i d a r  des ign  and (2) o b t a i n  d e t a i l e d  h o r i z o n t a l  
components f o r  c h a r a c t e r i z a t i o n  of  t h e  p re s to rm a tmosphe r i c  
boundary l a y e r ,  e s t i m a t i o n  o f  t u r b u l e n c e  s t a t i s t i c s  ( two- 
d imens iona l  s p e c t r a ,  e t c . ) ,  improving o u r  knowledge o f  p l a n e t a r y  
boundary l a y e r  f low over  nonhomogeneous t e r r a i n .  
F l i g h t  P l a ~ r s :  To s a t i s f y  t h e  f i r s t  o b j e c t i v e  i t  i s  
planned t h a t  t h e  CV-990 w i l l  f l y  h o r i z o n t a l  s q u a r e  f l i g h t  
p a t h s  a s  shown i n  F igu re  4-13  ( o p t i o n  #1 )  a t  a l t i t u d e s  and 
a t  a  h o r i z a n t a l  l o c a t i o n  i n  which c o n c u r r e n t  measurements 
a r e  b e i n g  made w i t h  Doppler r a d a r s  i n  t h e  CCOPE network.  I t  
i s  a n t i c i p a t e d  a  f l i g h t  p a t h  squa re  w i l l  be  approximate ly  
1 5 - 2 5  km on a  s i d e  w i t h  270' t u r n s  on each c o r n e r .  To 
s a t i s f y  t h e  second  o b j e c t i v e ,  i t  is p lanned  t h a t  t h e  CV-990 
w i l l  f l y  a  s e r i e s  of v e r t i c a l l y  and a l t e r n a t e l y  s t a c k e d  
s t r a i g h t  and l e v e l  f l i g h t  p a t h s  w i t h  t h e  lowest  one a p p r o x i -  
mately  a t  100 m above n a t u r a l  g rade  w i t h  a d d i t i o n a l  l e g s  a t  
300, 600, 1 0 0 0  m ,  e t c .  t o  a  h e i g h t  j u s t  above t h e  PBL tempera-  
t u r e  i n v e r s i o n  ( o p t i o n  #2)  a s  shown i n  F igu re  4-14.  I t  i s  
a n t i c i p a t e d  t h a t  t h e  s t r a i g h t  and l e v e l  f l i g h t  l e g s  w i l l  b e  
o r i e n t e d  g e n e r a l l y  from e a s t  t o  wes t .  The f l i g h t  p l a n  can 
be i n i t i a t e d  from t h e  100 m l e v e l  o r  a t  t h e  l e v e l  j u s t  above 
t h e  i n v e r s i o n .  The west t o  e a s t  and e a s t  t o  west  l e g s  a r e  
s e p a r a t e d  i n  t h e  v e r t i c a l  a s  no ted  above and s e p a r a t e d  i n  
t h e  h o r i z o n t a l  by approximate ly  10 km. A t  t h e  end o f  a  






































































































































































































































































































































































































































































































































































descending t o  t h e  n e x t  a p p r o p r i a t e  a l t i t u d e  t o  e x e c u t e  t h e  
n e x t  l e g .  Th i s  w i l l  r e s u l t  i n  a v e r t i c a l  s t a c k  o f  e a s t  t o  
west  f l i g h t  p a t h s  and a second v e r t i c a l  s t a c k  o f  west  t o  
e a s t  f l i g h t  p a t h s  d i s p l a c e d  from t h c  f i r s t  by approximate ly  
10 km t o  t h e  s o u t h  o r  n o r t h  d e p e n d i n g w h e r e t h e f i r s t  l e g  i s  
i n i t i a t e d .  A p o s s i b l e  v a r i a t i o n  o f  t h i s  f l i g h t  p l a n  i s  t o  
f l y  s t a c k e d  r e c t a n g u l a r  f l i g h t  p a t h s  w i t h  e r s t - w e s t  and 
w e s t - e a s t  l e g s  a t  t h e  same a l t i t u d e  and s t e p  th rough t h e  
v a r i o u s  r e q u i r e d  a l t i t l ~ d e s  from one r e c t a n g l e  t c  t h e  ?ex: 
( o p t i o n  # 3 )  a s  shown i n  F igu re  4-15. I n  t h i s  c a s e  t h e  
CV-990 woilld execu tc  270' t u r n s  a t  t h e  c o r n e r s  o f  t h e  
r e c t a n g l e s  o r  p o s s i b l y  , e x e c u t e  a  s i n g l e  180' t u r n  i n  p l a c e  o f  
two ,270' t u r n s  t o  s ave  f l i g h t  t ime .  
Measurements Ue. The CV-990 w i l l  be used  a s  a  
p l a t f o r m  t o  a c q u i r e  h o r i z o n t a l  wind component measurements.  
i n  s u p p o r t  o f  o u r  f i r s t  o b j e c t i v e  we d e s i r e  Doppler r a d a r  wind 
measurements whenever p o s s i b l e ,  p r e f e r a b l y  i n  a s s o c i a t i o n  
w i t h  c h a f f  r e l e a s e s .  To ~ r o v i 3 e  f u r t h e r  suppor t  r e l a t i v e  
t o  t h e  v e r i f i c a t i o n  o f  t h e  DLS i t  would be 
ex t remely  b e n e f i c i a l  i f  i n  s i t u  t u r b u l e n c e  measurements were 
-- 
a c q u i r e d  w i t h i n  t h e  DLS measurement r e g i o n  w i t h  
t h e  NCAR Queen A i r .  In t h i s  c a s e  t h e  Queen A i r  woulc' 
f l y  3 - 5  km t o  t h e  s i d e  o f  t h e  CV-990 i n  a  p a r a l l e l  f l i g h t  
p a t h .  Th i s  d a t a  c o u l d  be  a c q u i r e d  d u r i a g  t h e  e x e c u t i ~ r i  o,C 








































































































































































































































































































































































































To conduct s c i e n t i f i c  s t u d i e s  w i t h  t h e  CV-990/ DLS 
' d a t a  we d e s i r e  t h e  d a t a  t h a t  w i l l  be acqu i red  from t h e  
Doppler r a d a r s  (wind d a t a ) ,  CCOPE s u r f a c e  network and t h e  
u p p e r - a i r  network f o r  t h e  t ime p e r i o d  encompassing t h e  
Boundary Lager Turbulence Experiment p e r i o d  p l u s  t ime  
p e r i o d s  ( t o  be determined)  b e f o r e  and a f t e r  t h e  CV-990/ 
DLS d a t a  a c q u i s i t i c ?  pe r iod .  Add i t iona l  d a t a  
from o t h e r  a i r c r a f t  may b e  r e q u i r e d  a t  a  l a t e r  d a t e .  
We p lan  t o  perform t h e s e  t e s t s  i n  coniu, lc t ion w i t h  t h e  ~ - . 
pres torm f i e l d  exper iments .  
Operat ion Procedures:  We p l a n  t o  p e r f o r a  t h e s e  t e s t s  
i n  con junc t ion  w i t h  t h e  pres torm CCOPE f i e l d  exper iments .  
F l i g h t  op t ion  #1 is  a  cont ingency f l i g h t  o p t i o n  which we 
p l a n  t o  execute  f i r s t  i n  t h e  event  c h a f f  could  n o t  b e  r e l e a s e d  
ove r  t h e  complete e x t e n t  of t h e  f l i g h t  pa th  planned f o r  
o p t i o n s  # 2  and # 3 .  We p lan  t o  execute  approximately 4-6  
o p t i o n  #1 f l i g h t  squa res  which w i l l  r e q u i r e  1 t o  1 .5  hours  of  
t 3 t a l  f l i g h t  t ime.  We would then  execu te  f l i g h t  o p t i o n  # 2 .  
Ascumiag s i x  a l t i t u d e s  are  involved ,  o p t i o n  # 2  would r e q u i r e  
.75-1.5 hours .  With t h e  c u r r e n t  c o n s t r a i n t s  on t o t a l  CV-990 
f l i g h t  hours  a v a i l a b l e  f o r  CCOPE, a v a i l a b l e  o n - s t a t i o n  
t ime and o t h e r  DLS experiment requirements  w e  
a n t i c i p a t e  Z?ight  op t ion  # 2  w i l l  be performed 2 o r  3 t imes 
dur ing  a  s i n g l e  mis s ion ;  however, o p p o r t u n i t i e s  may a r i s e  
f o r  execu t ing  o p t i o n  # 2  on o t h e r  CCOPE CV-993 miss ions .  
Option # 2  i s  our  pr imary f l i g h t  p a t t e r n .  Option #1 i s  an 
a l t e r n a t i v e  i n  t h e  event  c h a f f  could  n o t  be provided  i n  
s u f f i c i e n t  volume. Option # 3  w i l l  r e q u i r e  approximately 
1.25 t o  2 hours  t o  accomplish.  I t  i s  an  a l t e r n a t i v e  p l z n  
t o  op t ion  # 2  and would only be implemented i f  i t  i s  dec ided  
t h a t  two s u c c e s s i v e  passes  t h r o u g h a g i v e n  a l t i t u d e  r eg ion  
a r e  r e q u i r e d  i n s t e a d  o f  one pass  a s  i n  o?t<on # 2 .  Coordi- 
n a t i o n  between t h e  CV-990, CCOPE mission headquar t e r s  a t  
Miles C i t y  and t h e  Queen A i r  w i l l  be r e q u i r e d  t o  a s s u r e  t h a t  
t h e  Queen A i r  (gus t  probe measurements) f l i e s  a t  t h e  
CV-990 a l t i t u d e  and a t  a  range l a t e r a l  t o  t h e  CV-990 from 
which DLS r e t u r n s  a r e  be ing  acqui red  ( i  . e .  a t  
a  range w i t h  s u f f i c i e n t  a e r o s o l  f o r  l a s e r  r a d i a t i o n  b a c k c a t t z r ) .  
Meteorologica l  Condi t ions :  This  experiment r e q u i r e s  a  
s i t u a t i o n  which i s  c h a r a c t e r i z e d  by (1) a  f u l l y  t u r b u l e n t  con-  
v e c t i v e  boundary l a y e r  d u r i n g  t h e  morning, ( 2 )  wi th  an a t t e n d a n t  
cumulus c loud f i e l d  forming i n  t h e  afterno011 and ( 3 )  t r a n s -  
miss ion  t o  a  cu~nulus congestus  s t a g e .  
4 . 3 . 2  FEEDER FLOW EXPERIMENT 
In t h i s  experiment we seek  t o  measure ;Ile h o l i z o n t a l  
f low a t  s e l e c t e d  a l t i t u d e s  below a f i e l d  of cumulus c loud .  
The s c i e n t i f i - c  L ,  t i v a t i o n  f o r  t h i s  e f f o r t  i s  t o  a c q u i r e  
s u f f i c i e n t  d a t a  s o  t h a t  d ive rgence ,  deformat ion ,  and 
v o r t i c i t y  f i e l d s  beneath  a cumulus c loud  c l u s t e r  can b e  
c a l c u l a t e d  w i t h  Nyquist wavelength -600 m. The a l t i t u d e s  
we would l i k e  t o  f l y  a t  beneath  cumulus c loud  b a s e  ranges  
between 150 m-1.5 km (500-5000 f t )  measured from c loud  base .  
This  e f f o r t  is  c l o s e l y  r e l a t e d  t o  t h e  Boundary Layer Turbulence 
(BLT) Experiment. The p r e s e n t  experiment i n  a l l  l i k l i h o o d  
would be performed a f t e r  t h e  BLT Experiment. 
E.'.ight P lans :  The f l i g h t  p l an  c o n s i s t s  of  an e l o n g a t e d  
r a c e t r a c k  f l i g h t  pa th  executed  a t  v a r i o u s  l e v e l s  beneath 
c loud  base  [ see  F igure  4-16) .  We p l a n  t o  execu te  s t r a i g h t  
and l e v e l  f l i g h t  except  du r ing  t u r n s .  During each t u r n  t h e  
CV-990 w i l l  descend t o  t h e  nex t  p r e s c r i b e d  a l t i t u d e  f o r  
conduct of t h e  nex t  s t r a i g h t  and l e v e l  f l i g h t  l e g .  I n i t i a l  
f l i g h t  a l t i t u d e  w i l l  be approximately 50 m ' below c loud  
base .  S ~ c c e s s i v e  f l i g h t  l e g s  a r e  a n t i c i p a t e d  t o  be flown 
a t  150-300 m a l t i t u d e  increments .  In  p l a n  view t h e  
f l i g h t  pa th  looks  l i k e  a r a c e t r a c k  p a t t e r n  c o n s i s t i n g  c f  
two p a r a l l e  l e g s  (not  a t  same a l t i t u d e )  30-60 km i n  l e n g t h  
connected by 180' t u r n s .  The p a r a l l e l  l e g s  w i l l  be s e p a r a t e d  
by a h o r i z o n t a l  d i s t a n c e  approximately equal  t o  10 km. 
Measurements Des i red :  The DLS w i l l  be  used t o  
a c q u i r e  h o r i z o n t a l  wind component measurements a t  




























































































































































































































































































































































l a t e r a l  t o  t h e  CV-990 a i r c r a f t  f l i g h t  pa th .  We a n t i c i p a t e '  
CCOPE suppor t  r e l a t i v e  t o  provid ing  "ground t r u t h "  measure- 
ment? wi th  t h e  CCOPE Doppler r a d a r s  and t h e  NCAR Queen A i r  
w i t h  t h e  c a p a b i l i t y  o f  p rov id ing  -- i n  s i t u  t u r b u l e n c e  measure- 
ments.  Chaff r e l e a s e s  may be r e q u i r e d  t o  a c q u i r e  winds w i t h  
t h e  Doppler radars.. We a n t i c i p a t e  t h e  NCAR Queen A i r ,  i n s t r u -  
mented wi th  gus t  probes ,  w i l l  be used t o  a c q u i r e  tu rbu lence  
d a t a  along a f l i g h t  pa th  p a r a l l e  t o  t h e  CV-990 f l i g h t  p a t h  
wi th  both a i r p l a n e s  being a t  t h e  same a l t i t u d e  space 3-5  km 
a p a r t .  The Queen A i r  gus t  probe d a t a  a s  w e l l  a s  d a t a  from 
t h e  CCOPE s u r f a c e  and u p p e r - a i r  networks a r e  d e s i r e d  f o r  
p o s t f l i g h t  analys i ;  o f  t h e  Doppler l i d a r  d a t a .  
' O p e r a t i o n s  Procedures: We p l a ~  t o  perform t h i s  t e s t  
i n  c o n j u n c ~ i o n  wi th  t h e  pres torm and e a r l y  s torm CCOPE 
f i e l d  experiments .  Assuming t h a t  s i x  s t r a i g h t  and l e v e l  
f l i g h t  l e g s  w i l l  be  flown t o  execute  t h e  f l i g h t  p l a n ,  
2 t o t a l  of  0 .5  t o  1 hour o f  CV-990 f l i g h t  t ime  w i l l  be 
r e q u i r e d  depending on t h e  l e n g t h  of  t h e  r a c e t r a c k  f l i g h t  
p lan  s e l e c t e d .  We p lan  t o  a l l o c a t e  2 - 3  hours  t o  t h e  
c m u l u s  f e e d e r  experiment which w i l l  permi t  a s  few a s  t h r e e  
and a s  many a s  s i x  execu t ions  of t h i s  f l i g h t  p lan  d u r i n g  
a s i n g l e  mission o r  sp read  ou t  over  a  number of  CV-990 
miss ions .  Coordinat ion between t h e  CV-990, CCOPE miss ion  
headquar t e r s  a t  Miles C i ty  and t h e  Queen A i r  w i l l  be  r e q u i r e d  
t o  a s s u r e  t h a t  t h e  Queen A i r  ( f o r  g u s t  probe measurements) 
f l i e s  a t  t h e  CV-990 a l t i t u d e  and a t  a  r ange  l a t e r a l  t o  
t h e  CV-990 from which DLS r e t u r n s  a r e  b e i n g  a c q u i r e d  ( i . e .  
a t  a  range  w i t h  s u f f i c i e n t  a e r o s o l  f o r  l a s e r  r a d i a t i o n  back-  
s c a t t e r ) ,  I t  i s  a n t i c i p a t e d  t h a t  t h e  f e e d e r  f low f l i g h t  p l a n  
w i l l  be  execu ted  immediately a f t e r t h e e x e c u t i o n  o f  t h e  
Boundary Layer Turbulence Experiment (Sec t  ion  4.3 .1)  . We 
p l a n  t o  f l y  t h e  Cumulus Feeder  Flow F l i g h t  Experiment f l i g h t  
p l a n  f o r  a  t o t a l  o f  2 - 3  hours  which w i l l  pe rmi t  3-6 e x e c u t i o n s  
o f  t h e  f l i g h t  p l a n  on a  s i n g l e  mi s s ion  o r  s p r e a d  o u t  o v e r  a  
number o f  m i s s i o n s .  
Y e t e o r o l o g i c a l  Cond i t i ons :  Th i s  experiment r e q u i r e s  a  
s i t l a t i o n  which i s  c h a r a c t e r i z e d  by  (1)  a  f u l l y  t u r b u l e n t  
c o n , ~ e c t i v e  boundary l a y e r  d u r i n g  t h e  mcrning,  ( 2 )  w i t h  an 
a t  endant  cumulus c loud  f i e l d  forming i n  t h e  a f t e r n o o n  and 
(3)  t r a n s i t i o n i n g  t o  a  cumulus conges tus  s t a g e .  
4 .3 .3  LATERAL ENTRAINblENT EXPERIMENT 
The o b j e c t i v e  o f  t h i s  experiment i s  t o  measure t h e  
h o r i z o n t a l  v e c t o r  wind f i e l d  o f  t h e  f low around an e a r l y  
s torm/mature  s to rm c o n v e c t i v e  s to rm w i t h  a  view toward 
g a i n i n g  new i n s i g h t s  i n t o  l a t e r a l  en t r a inmen t  p r o c e s s e s  
a s s o c i a t e d  w i t h  growing c o n v e c t i v e  s torms .  
F l i g h t  P l ans :  The f l i g h t  p l a n  c o n s i s t s  o f  a  s q u a r e /  
r e c t a n g u l a r  f l i g h t  p a t h  about  a  growjng c o n v e c t i v e  s to rm 
c l o u d  a s  shown i n  F igu re  4-17 .  The t y p i c a l  f l i g h t  l e g  o f  








































































































































































































































































a t  mid-cloud h e i g h t  and p l a n  t o  f l y  2-3 d i f f e r e n t  a l t i t d e s  
(3,000, 5,000, and 7,000 m f o r  example).  Each a l t i t u d e  
w i l l  be  c h a r a c t e r i z e d  by a  complete  s q u a r e / r e c t a n g u l a r  f l i g h t  
p a t h .  
Measurements Des i r ed :  We p l a n  t o  perform t h i s  exper iment  
i n  c o n j u n c t i o n  w i t h  t h e  e a r l y  s to rm and mature  s t o r m  CCOPE 
f i e l d  expe r imen t s .  Concurrent  Doppler r a d a r  wind f i e l d  
measurements would b e  h i g h l y  d e s i r a b l e .  Th i s  may r e q u i r e  
a  c h a f f  r e l e a s e  ; however, t h e s e  measurements ( r a d a r l l i d a r )  
would p rov ide  a  r a t h e r  complete  mapping o f  t h e  f low i n  
c o n v e c t i v e  s torms  (bo th  i n t e r i o r  and e x t e r i o r ) ,  a s  w e l l  a s  
"qround t r u t h "  d a t a  f o r  DLS v e r i f i c a t i o n .  We a l s o  
d e s i r e  d a t a  from t h e  CCOPE s u r f a c e  and upper  a i r  ne tworks ,  
as w e l l  as any g u s t  p robe  d a t a  from t h e  NCAR Queen A i r .  
Ope ra t ions  Procedures :  We p l a n  t o  perform t h i s  t es t  i n  
c o n j u n c t i o n  w i t h  t h e  e a r l y  s torm/mature  s to rm CCOPE f i e l d  
expe r imen t s .  A c h a f f  r e l e a s e  w i l l  be i e q u i r e d  p r i o r  t o  t h e  
f l i g h r  o f  t h e  CV-990. Close  c o o r d i n a t i o n  w i l l  b e  r e q u i r e d  
between a i r c r a f t  f l y i n g  i n  t h i s  exper iment .  We a n t i c i p a t e  
t h a t  t h e  CV-990 w i l l  f l y  under  IFR f l i g h t  c o n d i t i o n s .  
We a n t i c i p a t e  t h a t  e x e c u t i o n  o f  each  f l i g h t  s q u a r e  w i l l  
r e q u i r e  0 . 5  h r  s o  t h a t  a  complete  t e s t  o f  t h r ~ e  a l t i t u d e s  
w i l l  r e q u i r e  approximate ly  1 . 5  h o u r s .  
We p l a n  t o  f l y  t h i s  f l i g h t  p l a n  a t  l e a s t  once and i f  
c o n d i t i o n s  a r e  a p p r o p r i a t e  s o  a s  t o  r e s u l t  i n  a  c o o r d i n a t e d  
tes t  i n v o l v i n g  CCOPE a i r c r a f t  and t h e  CV-990 on a  w e l l  
d e f i n e d  i s o l a t e d  c o n v e c t i v e  s to rm a second t e s t  may b e  
p o s s i b l e .  We e n v i s i i o n  t h a t  t h i s  t e s t  would be  performed 
a f t e r  t h e  cumulus f e e d e r  f low experiment  f l i g h t .  The u s e  
o f  t h e  CV-990 i n  a  sequence o f  t e s t s  ( h o u d a r y  i a y e r  t u r -  
b u l ~ n c e ,  f e e d e r  f low,  l a t e r a l  e n t r a i n m e n t ,  e t c . )  w i l l  r e s u l t  
i n  e f f i c i e n t  use  of  t h e  CV-990. 
Me teo ro log ica l  Cond i t i ons :  We d e s i r e  a  growing 
c o n v e c t i v e  s to rm which i s  i s o l a t e d ,  s o  t h a t  a  comple te  
c i r c u i t  can  be  flown about  t h e  c loud .  The p re sence  of  
a d d i t i c q q l  convec t ive  ,terms may p r e c l u d e  t h e  accomplishment 
o f  a complete  c i r c u i t  due t o  a  minimum h o r i z o n t a l  d i s t a n c e  
t h a t  must be main ta ined  between t h e  CV-990 and a  s e v e r e  
s torm.  
4.3.4 ANVIL CLOUD EXPERIMENT 
The o b j e c t i v e  of  t h i s  exper iment  i s  t o  make d e t a i l e d  
measurements o f  t h e  flow f i e l d  a s s o c i a t e d  w i t h  an a n v i l  
c l o u d .  The i d e a  i s  t o  a c q u i r e  s u f f i c i e n t  wind in fo rma t ion  
t o  e s t i m a t e  n e t  l i q u i d  w a t t r / i c e  and w a t e r  vapor  e x y o r t  o u t  
of  t h e  t o p  o f  a  c o n v e c t i v e  s torm.  
F l i g h t  P l a n s :  The f l i g h t  p a t h  c o n s i s t s  o f  r e c t a n g l e s  
o r i e n t e d  s o  t h a t  t h e  l ong  s i d e  i s  p a r a l l e l  t o  t h e  a n v i l  and 
ex tnnds  over  t h ?  complcte  l e n g t h  of  a n v i l  (-25-100 km a s  


































































































































































































































































































































































































































































- 2 0  t o  40 km. The actual .  width w i l l  depend on o p e r a t i o n a l  
c o n s t r a i n t s  and t h e  minimum d i s t a n c e  t h a t  t h e  CV-990 must 
ma in ta in  from t h e  s torm.  We would l i k e  t o  f l y  around an 
i s o l a t e d  a n v i l  c loud.  If o t h e r  s torms a r e  i n  t h e  a r e a  t h e y  
may p rec lude  a  complete t r a j e c t o r y  around t h e  s e l e c t e d  a n v i l  
because c o n s t r a i n t s  on CV-99Q!storn s e p a r a t i o n  d i s t a n c e .  
A f t e r  execu t ion  of t h e  f l i g h t  about t h e  a n v i l  t h e  CV-990 
would d e s c e ~ d  i n  a l t i t u d e  and a  f l y  s q u a r e / r e c t a n g l e  f l i g h t  
pa th  beneath t h e  a n v i l ,  downstrezrii fram t h e  s torm 
proper  ts o b t a i n  h o r i z o n t a l  v e c t o r  wind f i e l d  measurements 
and D o ~ p l e r  l i d a r  b a c k s c a t t e r  i n t e n s i t y  measurements t o  
o b t a i n  a measure of  t h e  amowt  of  f a l l o u t  from t h e  a n v i l ,  
a s  w e l l  as d e b r i s  from t h e  s torm. 
Measurements Des i red :  The Uoppler l i d a r  w i l l  be  used 
t o  a c q u i r e  h o r i z o n t a l  v e c t a r  winds f i e l d  measurements. Con- 
c u r r e n t  measurements of  wind f i e l d s  i n  and about  the. a n v i l  
c loud  acqu i red  w i t h  t h e  CCOPE Doppler r a d a r s  a r e  d e s i r e d  f o r  
both  "ground t r u t h '  f o r  DLS v e r i f i c a t i o n  and f o r  
c o n s t r u c t i o n  o f  t h e  " t o t a l "  wind f i e l d  a s s o c i a t e d  wi th  t h e  
a n v i l .  Measuremen ;s of  l i q u i d  wat e r / i c e  d e n s i t i e s  (lilasr p e r  
u n l t  volume of a i l  and l i q u i d  v a t e r / i c e )  i n  t h e  a n v i l  and 
tempera ture  and dewpoint both  i n  and o u t  of  t h e  a n v i l  w i l l  
be  needed f o r  t h e  c a l c u l a t i o n  of  water  vapor and l i q u i d / w a t e r  
f l u x e s  ou t  o f  t h e  t o p  o f  t h e  convezt ive  s torm. In s i t u  
--- 
measurements o f  wind i n  and around t o  t h e  a n - ~ i l  v i a  t h e  
INS oa  t h e  NCAR S a b r ~ l i n e r  would a l s e  be h i n h l v  B e s i r a b l e  
f o r  bo th  v e r i f i c a t i o n  of  t h e  DLS and s c i e n t i f i c  a p p l i -  
c a t  i o n s .  
Ope ra t ions  Procedures :  We p l a n  t o  per form t h e s e  t e s t s  
i n  con junc t ion  w i t h  t h e  mature  s to rm CCOPE f i e l d  expe r imen t s .  
We a n t i c i p a t e  t h a t  t h e  CV-990 w i l l  be  a s s i g n e d  a f l i g h t  
a l t i t u d e  f o r  conduct of  t h e  f i r s t  p o r t i o n  of  t h e  f l i g h t  
p l a n ,  namely f l i g h t  around a n v i l  c l o c d .  Once t h e  CV-990 
i s  o n - s t a t i o n  an assessment  would be r e q u i r e d  by t h e  CV-990 
crew and t h e  onboard s c i e n c e  team a s  t o  whe the r -o r -no t  t h e  
a s s i g n e d  a l t i t u d e  i s  a p p r o p r i a t e .  If n o t ,  a d j u s t m e n t s  i n  
f l i g h t  a l t i t u d e  o f  t h e  CV-990 would b e  r e q u i r e d .  T h i s  \ r i l l  
r e q u i r e  c o o r d i n a t i o n  between t h e  FAA F l i g h t  Center  i i~vc ' l ved ,  
t h e  CCOPE Mission O ~ e r a t i o n s  Cen te r  a t  Miles  C i t y ,  t h e  CV-990 
and o t h e r  a i r p l a n e s  f l y i n g  i n  t h e  neighborhood of t h e  a n v i l .  
Upon comple t ion  of  t h e  f l i g h t  t ~ a j e c t o r y  above t h e  a n v i l  
a p p r o p r i a t e  c c o r 2 - n a t i o n  betweenthe above s t a t e d  groups would 
a g a i n  be r e q u i r e d  f o r  t h o  CV-990 t o  descend  t o  an a p p r o p r i a t e  
a l t i t u d e  below t L e  a n v i l  (approx:.mately 500-3,OOC m below 
t h e  a n v i l )  and execu te  a  s q u a r e j r e c t a n g u l a r  f l i g h t  p a t h .  
If a l l  goes w e l l  t h e  a n v i l  c loud  exper iment  would bc p e r -  
formed a f t e r  t h e  cumultls f e e d e r  f low and l a t e r a l  e n t r a i n m e n t  
expe r imen t s .  A s u c c e s s i o n  o f  CV-990 expe r imen t s ,  i .  e .  
Boundary Layer Turbulence Experiment i i r s  t , %umlrs r e e d e r  
Flow Experiment n e x t ,  fo l iowed by t h e  L a t e r a l  Entrainment 
Experiment n e x t ,  and f i n a l l y  t h e  Anvil  Cloud Experiment,  
would r e s u l t  .:.n t h e  most e f f i c i e n t  u se  o f  t h e  CV-990. I t  
i s  a n t i c i p a t e d  t h a t  t h i s  i d e a l  exec , : t ion o f  CV-990 f l i g h t  
p l a n s  may not  be  p o s s i b l e .  However, we p l a n  t o  s t r i v e  
toward it a s  a  goa l .  
We a n t i c i p a t e  t h i s  t e s t  w i l l  r e q u i r e  approximately 
0 . 7 5  t o  1 hour t o  comp1e;e t h e  a n v i l  c lnud  t r a j e c t o r y  and 
approximately 0 . 5  hour t o  ccmplete  t h e  s u b - a n v i l  c loud 
t r a j e c t o r y  f o r  a  t o t a l  o f  approximately 1 . 5  hour .  
We p l a n  t o  a c ~ c r n p l i s h  a t  l e a s t  one t e s t  and i f  s u f f i c i e n t  
t ime i s  a v a i l a b l e  p o s s i b l y  a second t e s t  (on a  d i f f e r e n t  
a n v i l )  could  be performed. 
Meteorologica l  Condi t ions :  This  experimegt w i l l  r e q u i r e  
convect ive  s to r r .  i n  t h e  mature s t a g e  of  deld~?lopment, 
c h a r a c t e r i z e d  by an a n v i l  c loud c o n f i g u r ~ t i o n .  I t  would be  
b e s t  f o r  CV-990 o p e r a t i o n s  i f  n s i n g l e  i s o l a t e d  s torm were 
s e l e c t e d  f o r  t h e  experiment .  In tl:e c a s e  of c l u s t e r e d  
s torms o r  s q u a l l  l i n e s  t h e  CV-990 may not  be a b l e  t o  perform 
a  complete c l r c ~ i t  a iound t h e  a n v i l  c loud due t o  requiraments '  
cn t h e  CV-990 t o  main ta in  a  miniy'um s e p a r a t i o n  from con- 
v e c t i v e  s torms a s  d e s c r i t e i i  i n  S e r t l i ~ n  3 . 2 . 5 .  
4 . 3 . 5  GUST FRONT EXPERIMENT 
The o b j e c t i v e  of  t h i s  e f f o r t  i s  t o  improw oc:r knowledge 
o f  t h e  d e t a i l e d  s t r u c t u r e  of  c o l d  a i r  ou t f l cw f r c z  ~.~li.i:.riersiurms. 
We w i l l  measure t he  hor izon ta l  wind s t r u c t u r e  both i n ,  
and above t h e  outflow as wel l  a s  t h e  ho r i zon ta l  flow i n  
t h e  warm a i r  which moves up and over t h e  cold  a i r  outflow 
and u l t imate ly  en t e r s  t h e  convective storm. 
F l igh t  Plsns :  In t h i s  experiment we plan t o  f l y  
p a r a l l e l  t o  L cold  a i r  outflow gust f r o n t i n  t he  warm a i r  
as  s~.uwn i n  Figure 4-19. We w i l l  f l y  t h e  CV-990 such t h a t  
t h e  3ZS w i l l  be 100kinb i n t o  t h e - c o l d  a i r  from 
the  l e f t  s i d e  of t h e  CV-990. We w i l l  f l y  p a r a l l e l  t o  t h e  
cold a i r  outflow, -30 km f o r  a  s i n g l e  storm, and -100-500 
km f o r  a  squa l l  l i n e .  A t  t h e  end of t h e  f i r s t  l e g  we w i l l  
execute a 180' t u rn  and again f l y  p a r a l l e l  t o  t h e  cold  a i r  
outflow, but  with Doppler l i d a r  pointed i n t o  t h e  warm a i r .  
We plan t o  f l y  a t  a l t i t u d e s  of 100, 300, 1000, 2000 m. I t  
i s  an t i c ipa t ed  t h a t  t h i s  experiment w i l l  be performed i n  
conjunction with t h e  mature storm s q u a l l  l i n e  experiment. 
Measurements Desired: We w i l l  be acquir ing da ta  on 
hor izon ta l  vector  wind f i e l d s .  To analyze these da t a  
we w i l l  r equ i re  t he  da t a  acquired from t h e  CCOPE sur face  
and upper -a i r  networks. We a l s o  dl-sire wind da t a  acquired 
I 
by the  Doppler radars  (may requ i re  chaff  r e l e a s e ) .  Radar 
echo r e tu rn  data  and a i r c r a f t  turbulence measurements may 
a l s o  be required t o  do a  complete ana lys i s  of t h e  DLS- 
da ta  ( t he  amount and kind need t o  be es tab l i shed  
v i a  d iscuss ions  between t h e  CCOPE and DLS pro jec t  


















































































































































































































































































































































































Opera t ions  Procedures :  We view t h e  g u s t  f r o n t  s t u d y  
a s  a " sc i ence  o f  o p p o r t u n i t y "  mi s s ion .  The on ly  way t h e  
CV-990 w i l l  b e  a b l e  t o  f l y  t h e  g u s t  f r o n t  exper iment  is t o  
b e  i n  t h e  a i r  and a v a i l a b l e  f o r  CCOPE nl iss ion c o n t r o l  t o  
v e c t o r  t h e  CV-990 t o  t h c  gus t  f r o n t  l o c a t i o n .  Thus c l o s e  
communications w i l l  b e  r e q u i r e d  between t h e  CCOPE miss i o n  
c o n t r o l  and t h e  CV-990 t o  t a k e  advantage  o f  a  g u s t  f r o n t  
ep i sode .  We a n t i c i p a t e  t h a t  one o p p o r t u n i t y  w i l l  b e  
a v a i l a b l e  f o r  t h e  g u s t  f r o n t  s t u d y  and t h a t  1 - 3  hour s  w i l l  
b e  r e q u i r e d  t o  accomplish t h i s  t e s t .  We d e s i r e  two o p p o r t u n i -  
t i e s  t o  f l y  t h e  g u s t  f r o n t  f l i g h t  p l a n .  
Me teo ro log ica l  Conclit i o n s  : Thi s  experime;nt r equ i  r e s  a  
well d e f i n e d  c ~ l d  a i r  ou t f low wherein t h e  warm a i r  r e g i o n  
1 - 2  km from t h e  g u s t  f r o n t  (measured p e r p e n d i c u l a r  t o  t h e  
f r m t )  i s  f r e e  o f  c loud .  Furthermore t h e  c o l d  a i r  o u t f l o w  
i n  t h e  v i c i n i t y  o f  t h e  l e a d i n g  edge and above t h e  nose  o f  
t h e  f r o n t  should  a l s o  b e  f r e e  of  c loud .  
4.3.6 CLOUD TOP EXPERIMENT 
I n  t h i s  experment we seek  t o  measure t h e  motion o f  
c o n v e c t i v e  c loud  s u r f a c e  a t  t h e  t o p  and s i d e s  o f  c loud  
t u r r e t s  where i t  i s  thought  t h a t  t h e  en t r a inmen t  o f  d r y  a i r  
i n t o  t h e  c l o u d  b e g i n s .  
F l i g h t  P l ans :  The f l i g h t  p l a n  c o n s i s t s  o f  a  c i r c u l a r  
f l i g h t  p a t h  a t  he igh  HA above s e a  l e v e l  and h e i g h t  HC 
above t h e  p o i n t  o f  i n t e r e s t  one the  t u r r e t  c l o u d  a s  shown 
i n  F igu re  4 -20 .  The t u r n i n g  r a d i u s  i s  R,. The bank a n g l e  
o f  t h e  a i r c r a f t  R a  i s  a  f u n c t i o n  o f  Ra.  The Doppler l i d a r  
beam w i l l  b e  aimed a t  a n g l e  OD below t h e  p lanform of t h e  
a i r c r a f t .  
1.leasurements Des i r ed :  I n  t h i s  exper iment  t h e  DLS 
beam w i l l  b e  f i x e d  r e l a t i v e  t o  t h e  CV-990 and w i l l  l i e  
i n  t h e  v e r t i c a l  p l a n e  d e f i n e d  by t h e  a i r c r a f t  f l i g h t  p a t h  
r a d i u s  v e c t o r  (Ra) and t h e  l o c a l  v e r t i c a l .  The Doppler 
l i d a r  w i l l  p r o v i d e  l i n e - o f - s i g h t  v e l o c i t y  measurements 
a t  300 m long con t iguous  r ange  b i n s  i n  t h e  c loud  f r e e  
r e g i o n  between t h e  c loud  and t h e  a i r c r a f t  and p o s s i b l y  
a  s h o r t  d i s t a n c e  i n t o  t h e  c loud .  In t h i s  we a r e  s e e k i n g  
t o  o b t a i n  a  d e t a i l e d  knowledge o f  how t h e  s u r f a c e  o f  t h e  
c loud  responds t o  t h e  i n - c l o u d  t u r b u l e n c e ,  and :low t h i s  
r e s u l t s  i n  e x t e r i o r  d r y  a i r  e n t e r i n g  t h e  c loud  through 
t h i s  s u r f a c e  boundary.  Thus, t h e  DLS w i l l  b e  o p e r a t i n g  
such t h a t  t h e  c a p a c i t y  of t h e  d a t a  sys tem w i l l  be 
r e c o r d i n g  a s  much i n f o r n a t ? o n  a s  p o s s i b l e  about  t h e  r e g i o n s  
o f  p e n e t r a t i o n  j u s t  i n t o  t h e  c loud  s u r f a c e ,  and from t h e  
a i r  j u s t  o u t s i d e .  
To suppor t  t h e s e  t e s t s ,  it would be  h i g h l v  d e s i r a b l e  
t o  o b t a i n  concur ren t  measurements of  wind f i e l d s  i n  and 
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FIGURE 4-20 CLOUD TOP EXPERIMENT 
about t h e  t u r r e t  cloud wi th  t h e  CCOPE Doppler r a d a r s .  A 
chaf f  r e l e a s e  may be  r e q u i r e d  t o  o'btain t h e s e  measurements. 
Opera t ions  Procedures:  Typ ica l ly  t h e  clouds t h a t  w i l l  
b e  s e l e c t e d  f o r  s tudy w i l l  be growing convect ive clouds 
wi th  tops  ranging from 5 t o  8 km. The a i r c r a f t  w i l l  be  
a t  10 km a l t i t u d e .  Once t h e  c loud i s  s e l e c t e d ,  e s t i m a t e s  
of t h e  t u r n  r a d i u s  and c i r c u l a r  f l i g h t  pa th  c e n t e r  ( r e l a t i v e  
t o  t h e  cloud) w i l l  be made. The a i r c r a f t  w i l l  f l y  a 
c i r c u l a r  f l i g h t  pa th  about t h e  t u r r e t  c loud.  The DLS 
o p t i c s  w i l l  permit t h e  DLS beam t o  b e  d e f l e c t e d  downwards 
by a s  much a s  20'. The a i r c r a f t  can mainta in  bank angles  
of up t o  30' i n  t h e  c i r c u l a r  f l i g h t  pa ths  t o  be  used. 
Thus, t o t a l  angu la r  d e f l e c t i o n s  (from t h e  h o r i z o n t a l )  of  
t h e  DLS beam t o  50' w i l l  be a v a i l a b l e  i n  t h i s  experiment.  
The bank ang le  w i l l  depend on t u r n i n g  r a d i u s .  An o p t i c a l  
s i t i n g  dev ice  i n  t h e  cockp i t  w i l l  be used t o  a s s u r e  t h e  
p i l o t  t h a t  he i s  mainta in ing c o n t a c t  wi th  t h e  s e l c c t e d  cloud 
t u r r e t  t o p  v i a  t h e  DLS. We a n t i c i p a t e  t h a t  t h e  
CV-990 w i l l  be ass igned a f l i g h t  a l t i t u d e  f o r  conduct of t h i s  
t e s t .  Once t h e  CV-990 i s  o n - s t a t i o n  an assessment would be 
requ i red  by t h e  CV-990 crew and t h e  onboard s c i e n c e  team 
a s  t o  whether-or-not  t h e  ass igned a l t i t u d e  i s  a p p r o p r i a t e .  
I f  n o t ,  adjustments  of  f l i g h t  a l t i t u d e  of t h e  CV-990 would 
be requ i red .  This  w i l l  r e q u i r e  coord ina t ion  between t h e  
FAA F l i g h t  Center  involved,  t h e  CCOPE Mission Opera t ions  
Center a t  Miles C i t y ,  t h e  CV-990, and o t h e r  a i r p l a n e s  
f l y i n g  i n  t h e  neighborhood of t h e  c loud s e l e c t e d  f o r  s tudy .  
I f  a l l  goes we l l  t h e  cloud top  experiment would be  performed 
a f t e r  t h e  Cumulus Feeder Flow and L a t e r a l  Entrainment 
Experiment and p r i o r  t o  t h e  Anvil Cloud Experiment. 
I t  i s  not  c l e a r  what d u r a t i o n  of t h i s  c i r c l i n g  f l i g h t  
can be maintained wi th  accuracy and wi thout  i n c a ~ a c i t a t i n g  
passengers .  The a c t u a l  num3er o f  t e s t s  t o  be f l o m  w i l l  
depend on a v a i l a b i l i t y  of CV-990 t ime.  
Meteorological  Condit ions:  We d e s i r e  a growing convect ive  
storm which i s  i s o l a t e d ,  s o  t h a t  a complete c i r c u i t  can be 
flown about t h e  cloud top .  The presence  o f  a d d i t i o n a l  
convect ive  storms may prec lude  t h e  accomplishment of a 
complete c i r c u i t  due t o  minimum h o r i z o n t a l  d i s t a n c e  t h a t  
must be  maintained between t h e  CV-990 and a severe  s torm. 
4 . 4  BOULDER- NOAA 
The Boulder experiments w i l l  be performed a t  t h e  NOAA 
Boulder Atmospheric Observat ion Tower F a c i l i t y .  These t e s t s  
w i l l  b e  aimed a t  performing l i d a r  comparison measurements 
between t h e  DLS and ground-based l i d a r s  l o c a t e d  a t  t h e  
NOAA Boulder f a c i l i t i e s .  F i n a l  d e s c r i p t i o n  of t h e s e  l i d a r  
intercomparison t e s t s  w i l l  be documented s e p a r a t e l y .  A 
second s e t  of t e s t s  conc.erns f l i g h t  of t h e  DLS about t h e  
NOAA Boulder Tower t o  acquire  concurrent measurements of  
t he  wind f i e l d  with both t h e  DLS and the  anemometers and 
wind vanes on t he  tower. These t e s t s  w i l l  be s i m i l a r  t o  
t h e  Walnut Grove, Ca l i fo rn i a  experiment descr ibed i n  
Section 4 . 1 . 2 .  The accomplishment of these  t e s t s  depends 
upon FAA approval regarding a i r c r a f t  no i se  cons t r a in t s  and 
sa f e ty .  
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APPENDIX B 
Conversion Tables  
A.  Length: 
1 meter  = 3.2808 f e e t  
1 k i l o m e t e r  = 0.6214 s t a t .  mile 
1 k i lome te r  = 0.5396 n a u t .  mile 
1 inch  = 2.54 c e n t i m e t e r  
1 f o o t  = 0.3048 meters 
1 s t a t .  mile = 5280 f e e t  
1 s t a t .  mi l e  = 0.8684 n a u t .  mi l e  
I s t a t .  mile = 1609.34 meters  
1 U.S. n a u t .  m i l e  = 6080.21 f e e t  
1 U.S. n a u t .  m i l e  = 1.85325 k i l o m e t e r s  
B. Area: 
1 squa re  inch  = 6.4516 s q u a r e  cm 
1 squa re  f o o t  = 144 squa re  inches  
C. Volume: 
1 cub ic  meter  = 35.3147 c u b i c  f e e t  
1 l i t e r  = 61.0255 c u b i c  inches  
1 l i t e r  = 33.815 U.S. f l .  oz .  
1 l i t e r  = 1.0567 U . S .  q u a r t s  
D. V e l o c i t y :  
1 meter p e r  second = 3.2808 f t .  set:' 
1 meter  p e r  second = 1.9425 k n o t s  
1 meter  p e r  second = 2.2369 m i .  hr" 
1 k i l o m e t e r  p e r  h r  = 0.27778 m s e c r l  
1 k i lome te r  p e r  h r  = 0.5396 k n o t s  
1 k i l o m e t e r  p e r  h r  = 0.6214 m i .  h r - 1  
1 k i l o m e t e r  p e r  h r  = 0.9113 f t .  s e c z l  
1 knot  = 1 n a u t .  m i .  h r - 1  
1 knot  = 1.1515 m i .  h r - 1  
1 knot = 1.6883 f t .  s e c .  
1 knot = 0.5148 m. set.-1 
1 knot  = 1.8533 km h r - 1  
E. Mass: 
1 gram(g) = 0.03527 oz.  
1 gram(g) = 0.002205 l b .  
F. Dens i ty :  
1 g. ~ r n - ~  = 62.428 l b .  f t . - 3  
G .  P r e s s u r e :  
1 dyne p e r  sq c m  = 10-3  mb 
1 mb = 0.7501 mm Hg ( s t d )  
1 mb = 0.0295 i n H g  ( s t d )  
1 mb = 0.0145 l b .  i n - 3  
1 b a r  = l o 3  mb 
1 b a r  = 106 dynes 
1 i n .  Hg = 33.8659 inb 
1 i n .  Hg = 0.491? l b .  in-2 
1 pound i n - 2  = 2.0360 i n  Hg ( s t d )  
1 pound i n - 2  = 68.9476 mb 
1 pound i n - 2  = 0.0703 Kg cm-2 
1 pound i n - 2  = 51.7149 mm Hg ( s t d )  
1 s t a n d a r d  atmos = 1013.25 mb 
1 s t a n d a r d  atmos = 1.0332 Kg cm-2 
1 s t a n d a r d  atmos = 760 mm Hg ( s t d )  
1 s t a n d a r d  atmos = 29.9213 i n .  H ( s t d )  
1 s t a n d a r d  atmos = 14.696 l b  i n -  5 
H. Energy p e r  Area: 
1 Langley = 1 c a l .  cm-2 
Pressu re  
(mb 
TELEPHONE CONVERSION FORMULAE 
PRESSURE VS GEOMETRIC ALTITUDE (*REF) 
A l t i t u d e  ** 
(meters )  
A l t i t u d e * "  
(f€ 2t) 
( * U . S .  Standard  Atmosphere, 1976; 
**Not Exact) 
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